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AUTHOR'S   PREFACE 

The  delimitation  of  separate  floral  districts  and  their  grouping 
into  more  comprehensive  combinations  are  nearly  completed,  and 
the  time  is  not  far  distant  when  all  species  of  plants  and  their 
geographical  distribution  will  be  well  known.  The  objects  of 
geographical  botany  will  not,  however,  then  be  attained,  as  is 
often  assumed,  but  a  foundation  merely  will  have  been  laid  on 
which  science  can  construct  a  larger  edifice.  The  essential  aim 
of  geographical  botany  will  then  be  an  inquiry  into  the  causes  of 
dift'erences  existing  among  the  various  floras. 

Existing  floras  exhibit  only  one  moment  in  the  history  of  the 
earth's  vegetation.  A  transformation  which  is  sometimes  rapid, 
sometimes  slow,  but  always  continuous,  is  wrought  by  the  reciprocal 
action  of  the  innate  variability  of  plants  and  of  the  variability  of 
the  external  factors.  This  change  is  due  partly  to  the  migrations 
of  plants,  but  chiefly  to  a  transformation  of  the  plants  covering  the 
earth.  Owing  to  unknown  internal  causes,  the  structure  of  plants 
is  subject  to  a  process  of  metamorphosis,  which  taken  as  a  whole 
is  slow,  but  apparently  uninterrupted,  and  which  gives  rise  to  purely 
morphological  difterentiation,  i.  e.  to  the  acquisition  of  characters 
bearing  no  apparent  relation  to  the  environment.  Experience  shows, 
however,  that  this  differentiation  is  profoundly  and  rapidly  modified 
by  changes  in  the  environment,  every  one  of  which  immediately 
involves  a  change  in  the  organization  of  the  plants.  If  the  new 
characters  be  useful,  they  are  selected  and  perfected  in  the  de- 
scendants, and  constitute  the  so-called  '  adaptations  '  in  which  the 
external  factors  acting  on  the  plants  are  reflected.  Since  these 
last  change  with  the  geographical  position,  it  is  by  the  adaptations 
that  the  causes  of  the  dift'erences  in  the  facies  of  the  vegetation  at 
different  points  on  the  earth  are  rendered  more  comprehensible,  so 
that  their  investleation  is  to  be  numliered  amon^  the  chief  duties 
of  geographical  botany. 
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The  connexion  between  the  forms  of  plants  and  the  external 
conditions  at  different  points  on  the  earth's  surface  forms  the 
subject-matter  of  oecological  plant-geography  \  which  has  only 
recently  become  a  prominent  subject  of  interest,  although  it  found 
a  place  in  earlier  works,  especially  in  Grisebach's  valuable  '  Vegeta- 
tion der  Erde,'  where,  however,  it  was  regarded  from  obsolete  points 
of  view.  The  greater  prominence  of  physiology  in  geographical 
botany  dates  from  the  time  when  physiologists,  who  formerly 
worked  in  European  laboratories  only,  began  to  stud)-  the  vegeta- 
tion of  foreign  countries  in  its  native  land.  Europe,  with  its  tem- 
perate climate  and  its  vegetation  greatly  modified  by  cultivation, 
is  less  calculated  to  stimulate  such  observations  ;  in  moist  tropical 
forests,  in  the  Sahara,  and  in  the  tundras,  the  close  connexion 
between  the  character  of  the  vegetation  and  the  conditions  of 
extreme  climates  is  revealed  by  the  most  evident  adaptations. 

The  physiological  branch  of  geographical  botany  has  made 
very  rapid  progress,  owing  to  the  foundation  of  a  botanical 
laboratory  at  Buitenzorg,  and  to  the  unusually  favourable  oppor- 
tunitj'  for  a  residence  in  the  midst  of  tropical  vegetation  which 
is  thus  offered  to  botanists  in  Java,  thanks  to  Treub's  praise- 
worthy exertions.  It  has  thus  become  possible,  as  Wiesner's  and 
Haberlandt's  pioneering  works  show,  to  carry  on  prolonged  and 
exact  physiological  research  in  a  tropical  climate.  It  is  to  be 
hoped  that  a  counterpart  to  Buitenzorg  may  soon  be  established 
in  the  arctic  zone  ;  for  an  arctic  laboratory,  with  a  modest  equip- 
ment corresponding  to  the  poverty  of  the  flora  and  the  relative 
simplicity  of  the  problems  to  be  solved,  would  be  of  great  service. 

The  oecology  of  plant-distribution  will  succeed  in  opening 
out  new  paths  on  condition  only  that  it  leans  closely  on  experi- 
mental physiology,  for  it  presupposes  an  accurate  knowledge  of 
the  conditions  of  the  life  of  plants  which  experiment  alone  can 
bestow.  Thus  only  will  it  be  possible  to  sever  the  study  of 
adaptations  from  dilettantism  which  revels  in  them,  and  to  free 
it  from  anthropomorphic  trifling,  whicli  has  threatened  to  bring  it 
into  complete  discredit.  In  this  respect,  we  may  congratulate 
ourselves  that  scientific  botanists  are  turnine  more  and  more  to 

Following  Hackel's  initiative  the  most  recent  name  for  the  science  of  biological 
adaptations  is  Oecologj-. 
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oecological  problems,  and  are  framing  their  theoretical  opinions 
on  the  basis  of  accurately  observed  facts  and  critically  conducted 
experiments. 

A  satisfactory  general  survey  of  oecological  plant-distribution 
cannot  be  attempted  with  the  material  at  present  available.  This 
book  is  therefore  chiefly  of  a  tentative  nature,  and  attempts  by 
a  precise  statement  of  pending  questions  to  stimulate  further 
research. 

The  greatest  care  has  been  given  to  the  choice  and  execution 
of  the  illustrations,  which,  by  the  delineation  partly  of  single 
objects  and  partly  of  masses  of  vegetation,  portray  the  connexion 
between  plant-life  and  its  environment  much  better  than  the  most 
detailed  descriptions.  Thanks  to  the  great  kindness  of  a  number 
of  fellow  botanists  and  naturalists,  I  have  been  able  to  collect 
a  number  of  photographic  views  of  characteristic  vegetation.  I 
am  indebted  to  the  following  gentlemen  and  departments,  to  whom 
I  now  again  express  my  gratitude  : — Forest-inspector  W.  W.  Ashe 
(N.  Carolina),  Privatdoc.  A.  Bauer  (Marburg),  Prof.  Bessey  (Lin- 
coln, Nebn),  Sir  Dietrich  Brandis  (Bonn),  Prof  D.  H.  Campbell 
(California),  L.  Cockayne  (Christchurch,  New  Zealand),  Prof  J.  M. 
Coulter  (Chicago),  Prof.  Deichmiiller  (Bonn),  the  Geological  depart- 
ment of  the  University  of  Nebraska,  Grigoriew,  .Secretary  of  the 
Imp.  Russian  Geographical  Society  (St.  Petersburg),  P.  Groom  (Ox- 
ford), Prof.G.  Karsten  (Kiel), Lieutenant  Kaznakoff  (St.  Petersburg), 
J.  Kobus  (Pasoeroean,  Java),  Prof  Krasnov  (Kharkov),  Dr.  P.  Kuc- 
kuck  (Heligoland),  G.  K uppers- Loosen  (Cologne),  Prof  Kukenthal 
(Jena),  Prof.  Kusnezov  (Dorpat),  Prof  MacMillan  (Minneapolis), 
Prof  Pohlig  (Bonn),  Prof  Rothrock  (West  Chester,  Pa.),  Prof  Sar- 
gent (Brookl)n,  Mass.),  Privatdoc.  A.  Schenck  (Halle),  Prof  H. 
Schenck  (Darmstadt),  F.  Sonnecken  (Bonn),  Dr.  O.  Stapf  (Kew), 
Geheimrath  Prof  Strasburger  (Bonn),  \V.  Swingle  (Florida),  Dr. 
Treub  (Iniitenzorg,  Java),  Prof  O.  Warburg  (Berlin),  G.  H.  Webber 
(Florida).  Lady  Brandis  of  Bonn  has  also  been  kind  enough  to 
place  at  my  disposal  her  beautiful  Indian  water-colour  drawings, 
which  are  so  true  to  nature. 

I  have  also  to  thank  several  of  the  above-mentioned  gentle- 
men for  important  assistance  in  reference  to  literature,  research- 
material,  and  the  like.      In  this  respect  I  am  indebted  also  to  the 
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following  : — The  directors  of  the  botanical  museums  and  gardens  at 
Berlin,  Buitenzorg,  and  Kew,  Prof.  Drude  (Dresden),  Prof.  Dudley 
(California),  Prof  Flahault(Montpellier),  Prof.  Hieronymus  (Berlin), 
Dr.  Kornicke  (Bonn),  Prof.  Noll  (Bonn),  Geheimrath  Prof.  Pfitzer 
(Heidelberg),  Obergartner  Purpus  (Darmstadt),  Geheimrath  Prof. 
Rein  (Bonn),  Prof  Trabut  (Algiers),  Prof.  Volkens  (Berlin). 

Most  of  the  illustrations  of  plants  were  drawn  from  nature 
by  Mr.  R.  Anheisser  under  my  personal  supervision  and  to  my 
complete  satisfaction.  Relatively  few  plates  are  borrowed  from 
other  books. 

Of  the  four  maps,  only  the  third  is  original  and  is  intended 
merely  as  a  preliminary  outline.  The  treatment  of  the  vegetation 
in  Brazil  is  based  on  a  sketch  kindly  placed  at  my  disposal  by 
Prof  H.  Schenck. 

General  works  on  plant-geography  are  seldom  cited  in  the 
lists  of  literature  at  the  end  of  the  chapters.  The  student  of 
plant-geography  must  become  familiar  with  the  following  works 
of  this  character  : — 

Candolle,  Alph.  de.     Geographie  botanique  raisonnee.    Geneve, 

1855- 
Drude,  O.    Handbuch  der  Pflanzengeographie.    Stuttgart,  1890. 

,,  Atlas  der  Pflanzenverbreitung.     Gotha,  1877. 

Engler,  A.    Versuch  einer  Entwicklungsgeschichte  der  Pflan- 

zenwelt.      Leipzig,  1879,  1882. 
Grisebach,  A.  Die  Vegetation  der  Erde  nach  ihrer  klimatischen 
Anordnung.     Leipzig,    1872.     French   ed.   by  Tchiatcheff. 
Paris,   1877. 
In    conclusion,   it    is    my   pleasing    duty   to    offer    my   sincere 
thanks  to  Dr.  G.  Fischer,  the  publisher,  for  the  great  readiness  he 
has  shown  in  meeting  all  my  wishes. 

A.  F.  W.  SCHIMPER. 


Bonn, 

End  of  July,  iS 
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PREFACE  TO  THE   ENGLISH   EDITION 

TiiK  movement  which  finds  expression  at  the  present  moment 
in  the  study  of  Oecological  Botany  amongst  Enghsh  students  of 
plant-Hfe  everywhere  is  the  fruition  of  that  earHer  movement  in 
the  direction  of  strict  observational  morphology  and  experimental 
physiology  which,  in  the  latter  half  of  last  century,  received  its 
oreatest  impetus  from  the  lucid  work  of  Sachs,  illumined  by  that 
of  Darwin.  Upon  that  earlier  movement  the  edition  of  Sachs' 
'  Textbook  of  Botany,'  published  by  the  Clarendon  Press  in  1875, 
had  a  profound  influence.  We  believe  that  this  edition  of  Schimper's 
'  Plant-Geography'  will  have  no  less  influence  upon  the  movement 
now  in  progress,  and  on  that  ground  the  volume  is  a  most  im- 
portant addition  to  the  series  of  standard  botanical  books  issued 
from  Oxford.  There  is  not,  at  the  present  time,  any  English 
book  dealing  comprehensively  with  the  subject  of  Oecological 
Botany,  and  this  edition  therefore  should  be  welcomed.  Its 
'  precise  statement  of  pending  questions  '  should  not  only  '  stimulate 
research,'  as  the  author  hoped,  but  should  also  have  a  steadying 
influence  in  a  field  of  investigation  which  tempts  to  trifling. 

The  untimely  death  of  the  author  shortl)-  after  the  translation 
was  begun  has  robbed  the  English  edition  of  modifications  and 
improvements  which  he  had  intended  to  make,  and  the  book 
stands  as  it  is  in  the  German  edition. 

A  portrait  of  the  author  and  a  sympathetic  sketch  of  his 
life-work  have  been  prefixed  to  the  translation. 

The  translator  has  had  the  active  and  valuable  co-operation 
of  Mrs.  Schlich  in  the  preparation  of  his  translation.  The  Index 
is  also  the  work  of  the  translator. 

Upon  critical  points  the  opinion  and  advice  of  many  colleagues 
have  been  sought  for  and  obtained,  formally  and  informally  ;  to  all 
of  them  erateful  thanks  are  tendered  here. 
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PERCY   GROOM. 

ISAAC  BAYLEY  BALFOUR. 
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A.  F.  W.  SCHIiMPER 

An   Appreciation 

The  nineteenth  century  saw  the  birth  of  four  botanists 
belonging  to  the  family  of  Schimper.  Of  these  the  first  two  were 
the  brothers  K.  F.  (1803-1867)  and  W.  (1804-1S78),  the  former 
famous  for  his  work  on  phyllotaxis,  the  latter  known  as  a  botanical 
collector  and  a  traveller;  the  third  was  their  cousin,  \V.  P.  (1808- 
1880),  the  professor,  distinguished  for  his  work  on  mosses  and 
palaeophytology ;  and  the  fourth  was  A.  F.  W.  (1856-1901),  son 
of  the  last-named,  and  author  of  the  present  work. 

A.  F.  \V.  Schimper  was  born  at  Strassburg,  where  his  father 
held  the  Chair  of  Geology.  His  training  as  a  field-naturalist  com- 
menced early,  for  as  a  young  child  he  collected  and  named  plants, 
and  as  a  boy  he  knew  by  sight  many  of  the  mosses  upon  which 
his  father  was  working.  A  true  naturalist  and  a  keen  observer  he 
remained  to  the  end  of  his  life. 

His  four  years  (i 874-1 878)  of  university  life  Schimper  passed 
at  Strassburg,  where  he  studied  natural  science  and  devoted 
especial  attention  to  two  subjects — botany  and  mineralogy.  So 
far  did  he  prosecute  his  study  of  mineralogy  that  he  seriously 
contemplated  becoming  a  mineralogist^ ;  indeed  his  first  published 
papers  were  two  brief  mineralogical  notes  issued  in  1S77,  and  his 
next  work,  on  proteid-crystals,  was  actually  published  in  two 
forms,  the  one  for  botanists  and  the  other  for  mineraloeists. 

Of  this  paper.  Dr.  H.  Miers,  F.R.S.,  Professor  of  Mineralogy 
in  the  University  of  Oxford,  has  recorded  his  impressions  in 
the  following  words  : — '  This  research  proves  him  (Schimper)  to 

*  As  this  has  been  denied  on  the  authority  of  Piofessor  P.  Groth,  I  may  at  once  state 
that  I  received  my  information  from  A.  F.  W.  Schimper  himself. 
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have  mastered  all  the  methods  of  crystallographic  investigation, 
especially  the  optical  methods  which  are  all-important.  He  was 
able  to  extend  considerably  the  investigations  of  Nageli  and  others 
upon  the  form  and  nature  of  "  crystalloids,"  and  particularly  to 
study  the  change  of  form  a\  hich  the)'  undergo  in  swelling.  I  think 
that  his  remains  the  standard  work  on  these  substances.  The 
crystallographic  bearing  of  the  work  was  published  by  him  in 
a  separate  paper.  I  think  he  was  the  first  to  suggest  and  to  give 
some  ground  for  believing  that  some  of  the  "  crystalloids  "  may  be 
isomorphous,  e.  g.  the  artificially  prepared  Mg-,  Ba-,  and  Ca-  com- 
pounds, which  appear  to  have  a  similar  composition  and  nearly 
the  same  form.' 

Schimper's  botanical  contributions  include  work  of  first-class 
importance  in  three  branches  of  the  subject — histology,  oecology, 
and  geograi)hical  distribution  of  plants,  as  well  as  some  suggestive 
papers  on  a  fourth  branch — physiolog}'. 

Unsurpassed  by  any  histological  work  of  our  time  was  that 
of  Schimper  on  chromatophores.  The  first  of  a  series  of  papers 
was  published  in  iSSo  on  'Starch-producing  granules,'  in  which 
it  was  shown  that  starch  arises,  not  in  the  general  cytoplasm,  Init 
in  two  kinds  of  homologous  protoplasmic  bodies,  chloroplasts  and 
leucoplasts.  Three  later  papers,  issued  in  1882,  1883,  1885,  upon 
chromatophores  proved  the  existence  of  a  third  form  of  proto- 
plasm, chromatophore-protoplasm,  as  distinct  from  cytoplasm  and 
nucleus  as  these  are  from  one  another.  As  Schimper's  views 
are  still  held  by  the  majority  of  botanists,  it  may  be  said  that 
he  revolutionized  our  ideas  as  to  the  constitution  of  vegetable- 
protoplasm  and  as  to  the  unit  of  plant-life. 

In  the  meanwhile  Schimper  had  also  fundamentally  modified 
botanists'  views  as  to  the  nature  and  growth  of  starch-grains,  by 
his  publication  in  iSSi  of  a  paper  upon  the  growth  of  these 
bodies.  The  nature  of  the  change  may  be  gleaned  by  the 
following  quotation  from  an  article  written  by  Schimper  in  the 
American  Naturalist  (1881): — 'Nageli  and,  after  him,  most  bio- 
logists hold  that  starch-grains  agree  with  protoplasm  as  to  their 
molecular  structure,  and  are  to  be  considered  as  living  bodies.' 
This  paper,  in  demonstrating  the  growth  of  starch-grains  by 
apposition,  dealt  Nageli's   theory  of  the  growth  of  cell-walls  and 
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starch-grains  exclusively  by  intussusception  a  staggering  blow  from 
which  it  never  recovered. 

Schimper  issued  only  three  purely  physiological  papers,  all 
devoted  in  the  main  to  metabolic  processes  in  green  leaves,  and 
in  particular  to  the  manufacture  and  conduction  of  carbohydrates 
and  the  assimilation  of  salts  in  leaves.  Though  they  contained 
a  number  of  new  facts  and  ideas,  and  were  admirable  models  of 
method,  they  belonged  not  to  the  same  rank  as  the  histological 
work  on  chromatophores,  or  as  the  oecological  work. 

It  was  in  his  oecological  work  that  Schimper  revealed  him- 
self a  true  genius.  Before  he  commenced  this,  oecology,  so  far 
as  the  vegetative  organs  were  concerned,  could  scarcely  be  said 
to  exist  as  a  science.  True  it  is  that  Darwin  had  shed  light 
upon  the  oecology  of  climbing  and  carnivorous  plants ;  that 
plants  living  in  deserts  or  dry  spots  were  recognized  as  adapted 
to  resist  desiccation  ;  that  anatomical  and  morphological  investiga- 
tion had  been  made  upon  selected  parasites,  saprophytes,  aquatic 
plants,  and  the  like.  But  the  subject  did  not  exist  because  the 
methods  pursued  in  the  solution  of  oecological  problems  were 
singularly  inadequate  and  often  utterly  unscientific.  To  observe 
a  plant  with  a  spotted  snake-like  stem,  or  a  seed  that  somewhat 
resembled  an  insect,  was  enough  to  call  into  existence  theories  of 
mimicry  as  applied  to  plants  ;  to  note  the  air-spaces  in  aquatic  plants 
was  to  assume  that  they  were  flotation-devices.  The  subject 
therefore  attracted  but  few  botanists ;  for  the  serious  botanists 
were  mainly  working  in  their  laboratories  or  in  their  herbaria. 

Far-reaching  and  highly  original  as  Schimper's  direct  dis- 
coveries on  oecological  questions  have  been,  botanical  science 
owes  to  him  a  deeper  debt  for  his  foundation  of  a  truly  scientific 
and  comprehensive  method  of  oecological  investioation  resultino-  in 
the  attraction  of  able  botanists  to  work  at  this  branch  of  the 
subject.  Schimper  from  the  first  insisted  on  the  employment  of 
methods  as  strict  as  those  used  in  solving  morphological  and 
physiological  problems.  And  he  showed  himself  the  master  of 
oecological  method  by  his  critical  and  coficurrent  use  of  three 
distinct  modes  of  investigation,  namely,  of  observations  on  the 
comparative  morphology  including  histology,  on  the  physiology, 
and  on  the  geographical  distribution  of  plants. 
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An  analysis  of  Schimper's  oecological  methods  may  therefore 
be  of  interest. 

To  explain  how  plants  are  fitted  to  subsist  in  the  precise 
environment  that  they  occupy  demands  an  elaborate  inquiry 
into  the  form,  structure,  physiology,  and  life-history  of  the 
plants,  and  an  equally  exhaustive  analysis  of  their  animate  and 
inanimate  surroundings.  But  to  solve  the  still  further  problem 
as  to  the  original  source  and  evolution  of  the  plants  and  of 
the  whole  community,  necessitates  a  corresponding  investigation 
relating  to  the  immediate  allies  of  these  plants  living  under  other 
conditions. 

Such  an  exhaustive  oecological  research  is  at  present  only 
theoretically  possible,  and  it  is  practicable  only  to  get  definite 
answers  to  our  questions  by  an  investigation  of  one  or  more 
dominant  factors  which  impress  themselves  strongly  on  the  forms 
and  behaviour  of  the  plants  under  their  influence.  Such  dominant 
factors  we  may  consider  insects  in  relation  to  flowers,  and  drought 
in  relation  to  desert  plants.  Schimper  always  worked  with  plants 
under  the  influence  of  some  such  dominant  factor.  In  all  his 
oecological  papers,  save  one  on  myrmecophilous  plants  and  two 
short  earl)-  papers,  the  dominant  factor  under  which  the  in- 
vestigated plants  (epiphytes,  alpine  and  littoral  plants,  halophytes) 
lived  was  scarcity  of  available  water. 

Such  a  dominant  factor,  in  impressing  itself  on  the  form  of 
the  plants,  will  lead  to  the  occurrence  of  some  structural  feature 
or  features  common  to  all  or  to  many  of  the  plants.  In  fact,  in 
ordinarj-  work  it  may  be  that  these  features,  in  largely  determining 
the  facies  of  the  vegetation,  first  suggest  the  existence  of  a  domi- 
nant factor.  The  first  obligation  is  to  prove  that  these  features 
are  absolutely  necessary,  or  at  least  highly  advantageous,  to  the 
plants  possessing  them.  Physiological  experiments  or  observa- 
tions on  the  life-history  of  the  plants  alone  can  give  this  proof. 
It  was  thus  that  Schimper  showed  the  xerophilous  nature  of  the 
leaves  of  epiphytes,  halophytes,  and  alpine  plants,  which  dwell  in 
physiologically  dry  places,  whether  the  physiological  drought  be 
due  to  scanty  supply  of  water,  or  to  unavailability  of  the  water 
by  reason  of  its  salinity,  or  to  external  influences  promoting 
transpiration. 
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But  observation  further  shows  that  in  the  same  environment 
many  of  the  plants  not  possessing  the  common  features  above 
mentioned  yet  have  characters  subserving  the  same  end,  so  that 
they  as  well  as  the  first  group  are  machines  having  one  common 
object,  that  of  working  in  harmony  with  the  dominant  factor. 
Consequently,  comparative  observations  upon  the  various  members 
of  one  community  or  guild  of  plants  afford  another  method  of 
investigation.  This  is  brought  out  vividly  in  Schimper's  papers 
on  epiphytes  and  littoral  plants,  where  the  various  mechanisms 
are  described  by  which  water  is  stored  or  economized  by  leaves, 
stems,  or  roots.  One  admirable  example  is  specially  given  in  the 
form  of  a  comparison  between  the  structure  of  the  two  epiphytes, 
Tillandsia  ttsneoides,  composed  solely  of  shoots,  and  an  Acraiithics, 
whose  vegetative  organs  consist  entirely  of  green  roots. 

But  further  morphological  and  histological  examination  of 
members  of  the  same  community  or  guild  may  reveal  the  exist- 
ence of  some  apparently  devoid  of  any  peculiar  structural  features 
fitting  them  for  their  special  mode  of  life.  An  investigation  into 
their  physiology  and  mode  of  life  may  at  once  show  that  they  are 
really  not  under  the  control  of  the  dominant  factor,  or  like  ephe- 
merals  in  the  desert  evade  it  by  the  periodicity  of  their  life,  though 
their  environment  may  appear  at  first  sight  to  be  all  but  identical 
with  that  of  their  elaborately  adapted  neighbours.  This  lack  of 
need  for  working  in  harmony  with  the  dominant  factor  aftbrds 
a  third  means  of  testing  the  conclusions  previously  arrived  at  in 
reference  to  the  other  plants.  Thus  Schimper  pointed  out  the 
existence  of  many  epiphytes  which  are  not  xerophytic,  but  may 
even  be  hygrophytic  in  structure,  and  he  further  correlated  this  with 
the  fact  that  these  particular  plants  exist  as  epiph)tes  only  on  very 
moist  and  shady  parts  of  tree-trunks,  and  consequently  require  no 
careful  provision  against  excessive  transpiration. 

Having  thus  demonstrated  the  intimate  and  necessary  relation 
between  the  structure  of  the  plants  and  the  dominant  factor,  the 
next  work  might  be  an  investigation  into  the  extent  to  which  the 
peculiar  structure  of  the  plant  is  the  direct'result  of  the  environ- 
ment. This  matter  Schimper  scarcely  touched,  except  in  the  case 
of  halophytes,  where  he  cited  the  observations  of  others  and 
recorded  his  own. 
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!\Iuch  more  attention  he  devoted  to  the  adaptive  nature  of 
structural  peculiarities  fitting  the  plants  for  their  mode  of  life. 
He  asked  whether  particular  peculiarities  of  a  plant  were  truly 
adaptive,  that  is,  whether  they  had  been  evolved  for  the  specific 
purpose  of  enabling  the  plant  to  exist  in  its  present  surroundings, 
or  to  what  extent  they  were  previously  possessed  by  the  plant, 
thus  enabling  it  to  enter  its  present  home.  This  entailed  an 
investigation  into  the  structure  of  allied  plants  living  under  other 
surroundings.  As  examples  of  such  comparative  investigations 
may  be  cited  Schimper's  discussions  on  the  velamen  of  orchids 
and  aroids,  on  vivipary  in  mangrove-plants,  on  mechanisms  of 
seed-dispersal  of  littoral  plants,  and  in  particular  on  the  evolution 
of  floating  tissue,  which  he  investigated  by  comparisons  between 
the  fruits  of  inland  and  littoral  species  of  one  genus.  His  investi- 
o-ation  of  the  myrmecophilous  Cccropia  is  an  excellent  example  of 
this  method.  Having  demonstrated  the  necessity  of  the  protec- 
tion against  leaf-cutting  ants,  and  having  recalled  known  facts,  that 
the  Cccropia  supplies  food  and  home  to  the  protecting  army  of 
ants,  Schimper  rendered  probable  the  adaptive  nature  of  the 
food-bodies  by  showing  their  composition  and  behaviour,  and  their 
absence  in  a  non-mjrmecophilous  species  of  Cccropia  likewise 
growing  in  Brazil  ;  and  by  a  further  comparison  of  the  two  species 
he  also  showed  that  there  was  a  definite  structural  adaptation 
for  facilitating  the  entrance  of  the  protective  ants  into  the  hollow 
internodes  of  the  myrmecophilous  plant. 

Change  in  the  environment  occasions  change  in  the  composi- 
tion and  oecology  of  the  vegetation.  There  is  thus  between  the 
oecology  and  the  geographical  distribution  of  plants  a  reciprocal 
relation  which  renders  observations  on  either  of  these  subjects 
helpful  in  the  explanation  of  the  other. 

Observations  on  the  local  distribution  of  types  of  vegetation, 
in  that  they  deal  with  variations  of  environment  associated  with 
little  or  no  change  in  climate,  frequently  render  possible  the  recog- 
nition of  the  factors  determining  the  original  formation  ot  definite 
communities  of  plants,  and  the  analysis  of  the  primary  and  some 
of  the  secondary  factors  influencing  the  structure  of  the  consti- 
tuent plants.  It  was  by  observations  on  the  local  distribution  of 
epiphytes   in    the   American   tropics    that    Schimper   was   able  to 
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explain  the  significance  of  the  epiphytic  habit  and  structure.  In 
the  forests  he  noted  that  the  least  modified  t)pes  were  those  living 
in  moist  and  shady  crevices  of  the  bark  low  down  the  tree-trunks, 
and  that  the  more  elaborate  ones  lived  in  the  drier  but  better 
lighted  situations  higher  up  the  trees.  In  the  open  country, 
especially  in  savannahs,  he  observed  that  the  few  epiphytes  grow- 
ing on  trees,  and  the  lithophytes,  were  identical  with  the  elaborate 
xerophytes  perched  on  the  tree-tops  in  the  forest.  Thus  he  con- 
cluded that  epiphytes  were  derived  from  terrestrial  forest- plants,  the 
key  to  whose  evolution  lay  in  the  struggle  to  reach  the  light  without 
the  expenditure  of  the  material  necessary  to  raise  the  leaves  of 
a  terrestrial  plant  to  an  equivalently  illuminated  spot,  and  the  key 
to  whose  success  lay  in  the  successful  adoption  of  a  xerophilous 
habit.  Other  observations  showing  the  interchange  of  positions 
among  epiphytes,  plants  occupying  shores,  rocks,  alpine  heights,  the 
vicinity  of  salt-springs,  and  their  absence  from  other  intervening 
spots  confirmed  the  view  that  they  are  all  true  xerophytes.  Again 
appealing  to  the  fact  established  by  cultivation  that  shore-plants 
grow  equally  well  inland  away  from  saline  soils,  Schimper  was 
able  to  draw  the  conclusion  that  they  were  salt-enduring  xerophytes 
driven  to  the  shore  by  competition. 

Observations  on  the  general  distribution  of  types  of  vegetation 
over  the  surface  of  the  earth  provide  additional  means  of  arriving 
at  important  oecological  conclusions  ;  for  the}'  deal  on  the  one  hand 
with  great  climatic  and  other  changes  of  the  environment,  and  on 
the  other  hand  with  more  or  less  similar  conditions  prevailing  at 
widely  distant  spots.  Schimper  was  thus  able  to  point  out  that  it 
is  a  moist  climate  that  determines  the  existence  of  phanerogamous 
and  vascular  epiphytes,  excepting  where  a  cold  winter  steps  in  to 
prevent  the  roots  from  absorbing  water.  Again,  by  comparing 
tropical  and  temperate  alpine  plants  he  was  able  to  show  that  cold 
is  not  the  controlling  factor  in  the  case  of  these  xerophytes. 

The  present  work,  his  masterpiece,  shows  the  manner  in  which 
Schimper  regarded  plant-life.  It  reveals  him,  not  as  merely  the 
keen  observer  and  subtle  critic  of  Nature,  but  rather  as  her  inti- 
mate friend  from  whose  watchful  ejes  and  sympathetic  mind  she 
cannot  hide  her  mysteries.  It  reveals  him,  not  as  the  idle  creator 
of  airy  hypothesis,  which  the  first  breath  of  fact  can  dissipate,  but 
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as  the  genius  of  industry  and  thought,  patiently  watching  Nature's 
experiments  and  supplementing  them  with  his  own,  searching 
deep  into  the  discoveries  of  fellow  workers  to  find  the  meaning  of 
facts  they  had  disclosed,  and  travelling  far  and  wide  to  win  from 
the  plants  he  loved  their  inmost  secrets. 

PERCY    GROOM. 
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CHAPTER    I 
WATER 

I.  The  Vegetative  Organs  of  Terrestrial  Plants.  i.  Genera!  Considcratiotis. 
Hygrophytes  and  xeropliytes.  Ombrophoby  and  ombropliily.  Physical  and  physiological 
dryness.  Characters  of  tropophytes.  Climatic  and  edaphic  xerophytes,  hygrophytes,  and 
tropophytes.  ii.  Xerophytes.  Factors  reducing  the  absorption  of  water.  Factors 
favouring  transpiration.  Xerophilous  structure.  Protective  means  against  the  loss  of 
water.  Correlations  among  xerophytes  of  different  habitats.  \\\.  Hygropliyfes.  Wiesner's 
and  Lotheliers  researches  Hygrophilous  structure.  Removal  of  superfluous  water: 
dripping  points,  hydathodes.  iv.  Tropophytes.  Tropophilous  structure.  Leaf-fall. 
2.  Vegetative  Organs  of  Aquatic  Plants.  Change  in  structure  of  submerged  terres- 
trial plants.  Characteristics  of  true  aquatic  plants.  3.  Water  and  Reproduction. 
Hostile  influence  of  moisture  on  sexual  reproduction.  Sexual  reproduction  in  aquatic 
plants.  4.  Water  and  the  Dispersal  of  Seeds.  Adaptations  of  fruits  and  seeds  for 
dispersal  by  water-currents.     Marine  drifts.     The  new  flora  of  Krakatoa. 

No  factor  affecting  plant-life  is  so  thoroughly  clear  as  the  influence  of 
water.  From  its  entrance  to  its  exit,  the  transpiration-current  may  be 
followed,  step  by  step  ;  the  physiological  processes  of  the  intake,  conduc- 
tion, and  exit  of  water  have  in  many  respects  been  explained  ;  the  structure 
of  the  organs  concerned  in  these  processes  and  in  storing  water  have  been 
accurately  investigated  ;  and  the  theory  of  the  co-opdration  of  all  these 
factors  is  practically  completed.  In  demonstrating,  therefore,  the  share 
taken  by  climate  and  soil  in  causing  the  characteristics  of  the  vegetation  of 
any  region,  water  claims  a  foremost  place  in  our  consideration. 

I.  THE  VEGETATIVE  ORGANS  OF  TERRESTRIAL  PLANTS. 

i.    GENERAL  CONSIDERATIONS. 

The  absorption  and  emission  of  water  by  plants  depends  on  external 
conditions.  In  nature,  however,  these  are  very  varied,  and,  in  harmony 
with  the  adaptability  of  the  organisms,  call  forth  very  varied  contrivances 
Tor  regulating  the   passage   of  water   through  a  plant.      The  structure  of 
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many  plants  favours  the  exit  of  the  ivatcr  which  lias  been  absorbed,  that 
of  sonic  impedes  it. 

Contrivances  for  expediting  the  exit  of  water  are  characteristic  of 
hygropliytes,  or  plants  whose  conditions  of  life  exclude  all  danger  of 
desiccation,  and  in  which  a  stagnation  of  the  water,  which  brings  nutritive 
salts  to  the  parts  requiring  them,  may  be  feared.  On  the  other  hand, 
difficulties  in  obtaining  a  supply  of  water  lead  to  the  formation  of  devices 
for  assisting  absorption  and  limiting  transpiration  ;  xerophytes  are  provided 
with  contrivances  of  this  kind. 

Wiesner '  has  pointed  out  another  difference  between  hygrophytes 
and  xerophytes,  but  it  does  not  appear  to  be  fundamental,  and  in  any 
case  requires  further  investigation.  Xerophytes  perish  after  two  or  three 
days  of  continuous  rain ;  they  are  rain-avoiding,  onibrophoboiis,  whereas 
hygrophytes  are.  as  a  rule,  onibr opinions.  This  latter  characteristic  is 
especially  observable  in  the  plants  of  very  rainy  climates  ;  for  instance, 
according  to  Wiesner,  the  vegetation  of  West  Java  (Ruitenzorg)  is  ombro- 
philous.  On  the  other  hand,  there  are  in  the  moderately  moist  climate 
of  Central  Europe  ombrophobous  hygrophytes,  such  as  Impatiens  Noli-me- 
tangere.  The  feature  to  which  Wiesner  has  drawn  attention  is  externally 
distinguishable  thus :  ontbropliilons  foliage  is  capable  of  being  zvetted,  om- 
brophobous foliage  is  nnwettable. 

It  is  usual  to  designate  the  plants  of  moist  localities  as  hygrophytes  and 
those  of  dry  localities  as  xerophytes,  but  in  this  due  attention  is  not  paid 
to  the  fact  that  the  characteristics  of  organisms  are  physiological,  those  of 
habitats  are  physical,  and  that  there  is  no  necessary  connexion  between 
these  two  groups  of  characteristics.  In  reality,  a  very  wet  substratum 
is  quite  dry  to  a  plant  if  the  latter  cannot  absorb  water  from  it,  whilst 
a  soil,  that  appears  to  us  to  be  quite  dry,  may  supply  sufficient  water  to 
many  accommodating  plants.  A  distinction  should  therefore  be  made 
betivcen  physical  and  physiological  dryness  and  bctiveen  physical  and  physio- 
logical moistness  \  only  the  physiological  characteristics  need  be  considered 
in  plant-life  and  in  geographical  botany.  A  hygrophilons  vegetation  corre- 
sponds to  physiological  moistness  and  a  xcr opinions  vegetation  to  physiological 
dryness. 

Xerophytes  and  hygrophytes  are  connected  by  transitional  forms  which 
obscure  the  boundaries  between  them  as  two  great  oecological  categories ;! 
it  would  therefore  be  useless  to  attempt  to  give  the  matter  a  .statistical 
basis.  The  unavoidable  arbitrary  convention  adopted  here  does  not, 
however,  actually  involve  so  much  confusion  as  might  have  been  anticipated. 
On  the  other  hand,  the  constitution  of  a  special  category  to  include  all 
plants  which  are  neither  pronounced  xerophytes  nor  pronounced  hygro- 
phytes   would    certainly   add    to    the    confusion.       It    appears,    therefore, 

'  Wiesner,  IV. 
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necessary  to  place  in  a  third  category  all  plants  zvJiosc  conditions  of  life  are, 
according  to  titc  season  of  the  year,  alternately  those  of  Iiygropltytes  or  of 
xerophytes.  All  such  plants,  including,  for  instance,  the  great  majority 
of  the  plants  composing  the  Central  European  flora,  should  be  termed 
tropopJiytes.  T/ie  structnre  of  tlieir  perennial  parts  is  xerop/iilous,  and  that 
of  their  parts  that  are  present  only  in  the  tvet  season  is  liygrophiloiis. 

The  classification  of  plants  as  hygrophytes,  tropophytcs,  and  xerophytes 
is  the  first  step  towards  the  physiological  comprehension  of  the  earth's 
vegetation  and  its  components,  the  formations.  Extensive  districts,  for 
instance  a  large  portion  of  the  tropical  coasts  and  mountain  ranges,  are 
marked  by  the  prevalence  of  hygrophytes  ;  others,  such  as  steppes,  deserts, 
and  polar  zones,  of  xerophytes;  and  others,  again,  for  instance  the  greater 
part  of  the  north  temperate  zone,  of  tropophytes.  There  are  hygrophytic, 
xcrophytie,  and  tropophytie  climates.  Every  climatic  district  exhibits,  besides 
the  corresponding  oecological  type  of  vegetation,  one  of  the  two  other 
types  in  certain  localities,  because  the  properties  of  certain  kinds  of  soil 
weaken,  or  strengthen,  the  influence  of  the  climate.  The  influence  of  the 
soil  may  be  termed  edaphic '.  There  are  climatic  and  edaphic  hygrophytes, 
xerophytes,  and  tropophytes. 

Characteristics  occasioned  by  physiological  humidity  or  drought  deter- 
mine the  physiognomic,  or  rather,  oecological  aspect  of  the  vegetation  of 
the  districts''^  and  of  the  separate  stations  within  them.  Systematic  phyto- 
geography  must  therefore  reckon  these  differences  amongst  the  most 
important,  for  there  are  also  hygrophilous,  tropophilous,  and  xerophilous 
species.  There  are,  further,  some  species — and  this  fact  is  as  important 
to  the  systematist  as  to  the  physiologist — which  adapt  themselves  to  the 
varying  conditions  of  humidity  so  completely  that  their  extreme  forms 
appear  to  belong  to  different  species,  but  these  by  a  change  in  the  supply 
of  moisture  may  pass  over  into  one  another, 

ii,    XEROPHYTES. 

Physiological  drought  is  caused  by  external  factors  which  either  reduce 
absorption  or  which  favour  transpiration,  or,  and  this  the  most  frequently, 
there  is  a  combination  of  these  influences  ■'. 

.Factors  reducing  Absorption. 


1.  Scarcity  of  free  water  in  the  soil,  that  is  to  say,  of  water  that  is  less 
attracted  by  the  particles  of  soil  than  it  is  by  roots.  According  to  their 
physical  nature  different  soils  exhibit  very  unequal  degrees  of  physiological 
dryness  ■*, 

'  TO  e8a(j>os,  '  the  soil.' 

■  The  Zo/it's  depending  on  heat  are  subdivided  into  Districts  depending  on  the  quantity 
)f  atmospheric  precipitation.     See  Part  III,  Introduction. 
^  Schimpcr,  I,  ^  See  Part  I,  Chap,  V,  The  Soil, 
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2.  Abundance  of  soluble  salts  in  tJie  soil.  A  small  quantity  of  salt  favours 
absorption,  whilst  a  large  quantity  impedes  it.  The  degree  of  concentration 
at  which  the  retardation  commences  varies  with  the  species  of  plant,  but 
rarely  exceeds  0-5  %.  Mixtures  of  salts  impede  absorption  more  than  pure 
salts,  and  certain  kinds,  for  example  sodium  chloride,  act  more  energetically 
than  others,  for  example  saltpetre  '. 

3.  Riclincss  of  the  soil  in  hnmons  acids. 

I  4.  Low  tcmpcraiitre  of  the  soil.     A  frozen  sojMs  quite  dry  to  all  pl.-ints; 

one  at  a  temperature  slightly  above  freezing-point  is  nearly  dry  to  most  | 
f-  plants.  The  minimum  temperature  for  a  normal  absorption  of  water,  that 
■ '  is. to  say  for  an  absorption  of  water  sufficient  to  compensate  for  the  loss  by 
transpiration  through  open  stomata,  vajnesjvith  the_species  of  plant,  being 
generally  much  higher  for  those  of  warm  zones  than  for  plants  whose  lives 
are  spent  in  colder  zones. 

Factors  favouring  Transpiration. 

1.  A  dry  atmosphere.  Although  transpiration  is  a  physiological  and  not 
a  physical  process,  yet  it  behaves  in  respect  of  this  factor  essentially 
like  evaporation  :  it  constantly  increases  in  proportion  to  the  drj-ness  of 
the  air. 

2.  High  temperature  e)f  tJu  atmosphere.  Transpiration  increases  with  the 
temperature  up  to  a  maximum  which  varies  with  the  species,  and  beyond 
which  pathological  changes  cause  a  diminution. 

3.  Rarefaction  of  the  air.  A  reduction  in  the  atmospheric  pressure 
accelerates  transpiration,  not  directly,  as  in  the  case  of  evaporation,  but 
indirectly  by  accelerating  the  diffusion  of  the  water-vapour. 

4.  Light.  Transpiration  is  greater  in  the  presence  of  light  than  in 
darkness,  and  it  increases  with  the  mtensity  of  the  illumination.  The  more 
eftective  rays  of  light,  according  to  Wiesner,  are,  first,  the  blue  ;  secondly, 
the  red ;  while  the  green  rays  exercise  only  a  feeble  influence. 

Of  the  factors  that  accelerate  transpiration,  temperature  and  light  are  the 
weakest,  and  do  not  in  themselves  suffice  to  produce  decided  xerophilous 
characteristics. 

All  plants  zi'ith  an  environment  involving  either  one  or  other  or  a 
combination  of  any  of  the  above  factors,  excepting  light  and  temper  attire, 
possess  the  strtictnre  and  characteristics  of  xerophytes. 

Xerophilous  Structure. 

As  has  been  already  stated,  many  plants  are,  able  to  thrive  under  very 
diverse  conditions  of  water-supply  by  altering  their  structure  in  relation 
to  their  environment.  The  necessary  investigations  have  been  made  as 
regards  four  of  the  above  factors — dryness  of  the  substratum,  atmospheric 

'  See  Part  I,  Chap  V,  The  Soil. 
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dryness,   salinity  of  the  substratum,  illumination.      Attention    has   been 
chiefly  directed  to  the  leaves,  as  being  the  chief  organs  of  transpiration. 

All  experiments  have  led  to  essentially  similar  results.     External  con- 
ditions  which,   either   by   diminishing    the   absorption    of    water    or    by 
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Fig.  I.  Influence  of  transpiration  on  the  differentiation  of  the  leaf-tissne.  Transverse  sections 
)f  leaves  .and  stomata.  i  and  2.  Lactuca  Scariola  :  i  exposed  to  sunlight,  2  grown  in  shade. 
'.s.  upper  surface,  a.s.  under  surface.  3  and  4.  Robinia  Pseud-acacia  :  3  in  orHmafy  air,  4  in  air  saturated 
vith  vapour.  5-S.  Sonneratia  acida  :  5  on  wet  saline  soil,  6  on  ordinary  soil  in  the  Buitenzorg 
;arden,  7  on  saline  soil,  S  on  ordinary  soil.     1-2  after  Stahl,  3-4  after  Lothelier,  5-S  from  nature. 

iccelerating  its  exit  from  the  plant,  disturb  the  equilibrium  in  a  sense 
lostile  to  the  plant,  occasion,  as  a  rule,  the  following  deviations  from 
lormal   structure :    (i)   Reduction   of  surface,   the  volume  being  assumed 
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constant.  (2)  Dimwutinn  nf  intercellular  spaces  containing  air.  (3) 
Augmentation  of  the  vessels  and  sclerenchyma.  (4)  Lengthening  of  the 
palisade-cells.  Frequent  but  not  universal.  (5)  Increase  in  the  thickness 
and  amouiitof  cutin  of  the  outer  wall  of  the  epidermis.  (6)  Sinkia§-&f  *lve 
stomata.      (7)  Increased   number   of  air-containing  hairs.      (8)  Supply  of 


Fig.  2.  Xerophilous  structure.  Dry  climate  in  Temperate  Australia.     Stomata.     a  Franklandia 
fucifolia.     b  Eucalyptus  giganteus.     After  Tschirch. 


Figs.  3  and  4.  Xerophilous  structure.  Wei  saline  soil  of  Javanese  mangrove-swamp.  Left  hand  : 
Aegiceras  majns.  The  upper  surface  of  a  leaf.  Magnified  260.  Right  hand :  Rhizophora  niu- 
cronata.     Stoma  and  epidermis  of  the  lower  surface  of  leaf.     Magnified  550. 


Figs.  5  and  6.  Xerophilous  structure.  Cold  soil  of  Greenland.  Left  hand  :  Dry.is  integrifolia. 
Transverse  section  of  leaf  Right  hnnd  :  Loiseleuria  procumbens.  Part  of  transverse  section  of  leaf; 
B  palisade-cells,  K  outer  wall  of  epidermis,  <:  cuticle,  R  lumen  of  epidermis-cell,^  inner  wall  of 
epidermis.     After  Warming. 


water-Storing  cells  (double  epidermis,  aqueous  tissue,  mucilage-cells,  &c.) 
(Figs.  1-8). 

With  the  exception  of  the  increase  in  the  sclerenchyma  and  the  lengthen- 
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ing  of  the  palisadc-cells,  the  above-mentioned  modifications  appear  to  be 
well  adapted  for  resisting-  the  danger  of  excessive  loss  of  water,  \\Jicther 
the  danger  arises  fronjJogliltla^biQrpiiQn  or  from  excessive  transpiration. 
By  a  reducdon  in  the^'zeof  the  leaf  and  QLthe-JnterceUular  spaces  the 
ti'anspiriiig  surface  becomes  smaller  for  a  given  mass  of  plant-substance; 
"the  conductjoa_Qf  water  is  facilitated  by  the  increase  _  in  the  vessels.;, 
transpiration  is  reduced  by^  a  thici^er^cuticle,  by  the^ j)resence_  of  ajr- 
ContainThg  felted  or  silky  hairs,  and_.  by  the  siijiking^of  the  stomata ; 
waler-^cclls  have  a  similar  action,  and  besides  this  they  rapidly  fiF  whenever 
the  water-supply  is  increased,  and  yield  theiiL_contents_ to  the  assimilating 
cells  as  the  supply  of  water  is  reduced. 


A«U*«^^f^ 
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Figs.  7  and  8.  Xeiophilous  structure.  Alpine  climate.  Lcit  hand  :  Myrica  javanica.  Part  of 
the  transverse  section  of  a  leaf.  Gedeh,  Java,  3,900  m.  Right  hand  :  Fhotinia  integrifolia.  Trans- 
verse section  ^above)  of  lower,  and  (^below)  of  upper  surface  of  leaf.  Ardjuno,  Java,  3,300  in. 
Magnified  200. 

The  possession  of  protective  means,  such  as  those  just  mentioned,  is  usually, 
butMncorrectly,  described  as  the  result  of  strong  transpiration.  In  reality  they 
accompany  weak  transpiration,  as  for  instance  on  ,dry  [or  saline  soil,  as  well  as 
strong  transpiration  in  dry  air.  On  the  other  hand,  plants  on  a  damp  soil  transpire 
energetically  (Gain),  and  yet,  as  a  rule,  dispense  with  a  xerophilous  structure.  It 
IS  not  the  absolute  strength  of  transpiration  but  its  amount  relatively  to  the  water- 
supply  that  leads  to  protective  mechanisms.  The  causal-mechanical  explanation 
attempted  by  Kohl,  according  to  which  strong  transpiration  is  the  cause  and  modi- 
fied structure  the  effect,  as  in  a  purely  physical  process,  is  refuted  by  such  facts 
as  those  just  mentioned.  With  greater  probability  we  might  regard  the  varying 
degree  of  concentration  of  the  cell-sap  as  the  first  cause,  that  is  to  say  the  stimulus 
acting  on  the  protoplasm,  for  this  is  increased  by  an  insufficient  supply  of  water, 
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as  well  as  by  excessive  transpiration.  But  even  this  assumption  in  no  way  explains 
the  suitability  of  the  above-mentioned  structures.  This  depends  on  an  adaptability 
gained  in  the  struggle  for  existence,  and,  like  all  true  vital  phenomena,  it  does  not 
yet  admit  of  any  physical  explanation. 

The  most  important  natural  regions  and  habitats  where  physiological 
dryness  prevails  and  only  xerophytes  therefore  thrive,  are  grouped  as 
follows,  according  to  their  physical  characters: — 

1.  Deserts,  Steppes,  and  other  districts  with  a  dry  substratum  and  dry  air, 
occasional  or  persistent  great  heat,  and  intense  illumination. 

2.  T/ie  Bark  of  Trees,  Roeks  where  there  is  rapid  drying  up  of  the 
substratum,  owing  to  deficient  depth. 

3.  Sandy  soil,  Gravel,  and  the  like,  on  account  of  the  rapid  drying  up  of 
the  substratum  owing  to  its  great  permeability. 


Fig.  9.  Xerophilous  stmcture.     Dry  hot  climate  of  Algerian  ana  Moorish  deser/s.     Zygophyllum 
cornutnm.     Plant  with  succulent  leaves.     Natural  size.     After  Engler. 


4.  Sea-shores,  Solfataras,  which  ha\'e  abundance  of  soluble  salts  in 
the  soil. 

5.  Peat-bogs,  because  of  the  humous  acids  in  the  soil. 

6.  Polar  zones.  Vicinity  of  Glaciers  in  high  vuvintains,  where  the 
temperature  of  the  soil  is  low. 

7.  Alpine  Highlattds,  which  are  under  rarefied  air  and  strong  insolation 
characteristic  of  the  alpine  climate. 

The  plants  of  all  these  stations  are  provided  with  devices  for  the  safe- 
guarding of  their  transpiration  ;  they  are  xerophytes.  Reduced  surface  is 
very  general  in  their  case.  With  increasing  physiological  jiryness,  the 
leaves  become  smaller  in  surface  but'proportionally  thicker^  moreTeatliery 
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(sckroft/iylly)  (Figs.  1 1,  12),  fleshy  {cliylopliylly  or  leaf-snccuknce)  (Figs.  9,  lo), 

or  rudimentary  and  caducous  {apkylly).     In  the  last  cases,  the  axes  are  rich 

in  chlorophyll  and  carry  on  the  process  of  assimilation.      The  axes  are 

sometimes  slender  like  rods,  dry  and  hard,  as  in  Ephedra,  Spartium,  and 

other  plants  {sckrocniily),  or  they 

become    short    and   thick,  often 

even  spheroidal,  and  filled  with 

mucilaginous  sap,  as  in  the  Cac- 

taceac  {cliylocaitly  or  stevi-sticai- 

lence). 

Reduction  in  surface  is__Qfteri 
associated  wjth  the_jproduction 
"of  thorns,  because  shoots  or 
leaves  become  pointed  structures 
rich  in  sclerenchyma  and  tran- 
spiring but  slightly,  if  at  all ; 
their  utility  in  this  form,  as  pro- 
tective organs  against  animals, 
if  a  realit}',  is  only  of  a  secondary 
nature. 

Xerophyteswith  pinnate  leaves 
have  the  power  of  automatically 
adjusting  the  transpiring  leaf- 
surface.  The  mobile  leaflets  open 
out  under  the  moderate  illu- 
mination of  the  early  morning, 
or  of  a  dull  day,  but  close  up 
under  intense  insolation  and  the 
profuse  transpiration  which  ac- 
companies it.  The  fact  that 
plants  possessing  pinnate  leaves 
with  a  relatively  large  and  thin 
leaf-surface  thrive  alongside  of 
aphyllous  plants  in  the  driest 
regions  proves  how  perfectly  this 
arrangement  works. 

Other  leaf-bearing  xerophytes 
have  their  leaves,  or  leaf-like 
cladodes,    arranged    parallel    to 

the  incident  rays  of  sunlight,  and  are  consequently  less  intensely  heated 
and  illuminated.  This  peculiarity  disappears  in  many  species  when  there 
is  no  longer  any  danger  of  excessive  loss  of  water,  for  instance  in  the 
mangrove-tree,  Sonneratia  acida,  when  it  is  grown  on  a  soil  poor  in  salts. 


Fig.  10.  Xerophilous  structure.  IVet  saline  soil  of 
tropical  shoixs.  B.itis  maritima.  Plant  with  suc- 
culent leaves.     Natural  size.     After  Dammer. 
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whilst    in    other  plants,    such    as    Eucalyptus,    the  position    has    become 

hereditary. 

It  has  been  already  pointed  out  that  maj}x.plantLgro\ving  in  dry  places 


Fig.  h.  Xerophilous  structure.     Dry  substratum  of  tree-bark  androcks.     i.  Octomeria  sp. 
2.  Cattleya  bicolor.     Desterro,  Brazil.     Natural  size. 

develop  water-storing  cells.  Such  water-reservoirs  are  constantly  met  with 
in  the  vegetation  ot  dry  stations — if  they  be  not  universally  present.  They 
are  sometimes  thin-waljed— living-  ^ells,  somelioes  dead  cells  like  tracheids, 


Chat.  I] 


WATER 


II 


occurring  singly  or  united  into  tissues  ;  sometimes,  as  in  Philoclendron 
cannncfolium,  intercellular  spaces  assume  the  same  function.  A  rich 
development  of  parenchymatous  living  aqueous  tissue  occasions  the 
succulence  of  leaves  and  axes  which  has  been  already  described.  This 
aqueous  tissue  is  cither  external,  between  the  epidermis  and  the  chlorcn- 
chyma  (piTic/iyloiis),  as  in  many  Bromeliaceae,  Rhizophora  (Fig.  17),  and 
other  plants  ;  or  internal,  and  then  within  the  chlorenchyma  {endochylons), 
as  in  Cactaceae,  succulent  Euphorbiaceae,  and  most  other  stem-succulents 
(Figs.  13,  14).  In  perichylous  construction  the  aqueous  cells  have  a  watery 
sap,  in  endochylous  construction  they  are  usually  filled  with  mucilaginous 
contents. 

Solitary  living  aqueous  cells  are  less  frequent  than 
aqueous  tissue.  They  are  very  conspicuous,  for  instance, 
in  Mesembryanthemum  crystallinum,  where  certain  epi- 
dermal cells  expand  into  large  water  -  bladders  ;  in 
Tillandsia  usneoides  and  others  they  are  scattered  in  the 
chlorenchyma. 

Living  aqueous  cells  always  remain  filled  with  proto- 
plasm and  cell-sap  ;  they  never  contain  air.  The  volume 
of  water  that  they  contain,  however,  varies  between  wide 
limits.  When  transpiration  is  slack,  they  may  be  gorged 
with  water,  for  instance  at  night  or  in  dull  weather,  but 
during  strong  transpiration  they  supply  the  assimilating 
cells  with  water,  and  then  thej^  collapse  strongly. 

Water-storing  tracheids,  as  opposed  to  living  water-cells, 
contain  air  or  water  according  to  the  amount— greater  or 
less— of  transpiration  of  the  green  tissues.  They  are  most 
frequently  present  at  the  ends  of  vascular  bundles  in 
leaves ;  and  only  in  the  leaves  of  certain  xerophilous  orchids  are  they  found 
distributed  through  chlorenchj-ma  (Figs.  15,  16). 

The  water-reservoirs  in  many  xerophytes  are  not  uniformly  distributed 
in  the  leaves  or  axes,  but  are  confined  to  certain  members,  whose  chief 
function  is  the  storage  of  water.  Leaves  that  are  ageing  and  have  become 
abnormally  thick  owing  to  the  subsequent  great  enlargement  of  their 
aqueous  tissues  in  many  cases  serve  as  water-reservoirs  of  this  kind,  as 
we  see  in  epiphytic  Gesneraceae  and  species  of  Peperomia,  Rhizophora, 
Sonneratia  and  other  mangrove-trees  ;  and  these  older  leaves  supply  the 
younger  ones — which  are  at  the  height  of  their  assimilating  activity — with 
water  until  their  store  is  completely  exhausted^  (Figs.  16  a  and  17). 
Amongst  such  water-reservoirs  are  numbered  the  well-known  pseudo-bulbs 
of  epiphytic  orchids,  the  spindle-shaped  petioles  of  Philodendron  cannae- 
folium,  and  other  like  structures. 


Fig.  12.  Xerophilous 
structure.  Cold  soil  of 
Greenland.  Cassiope  tetra- 
gona  with  small  leathery 
leaves  folded  inwards. 
g  Young  shoots.  Magni- 
fied 2.      After  Warming. 


'  Schimper,  III,  p.  42  ;  Haberlandt,  Physiol.  Pflanzenanat.,  p.  349. 
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Comparative  culture-experiments  have  proved  that  plants  liable  to 
desiccation  have  their  epidermis  constructed  in  such  a  manner  as  to 
reduce  transpiration.  Protective  mechanisms,  .such_as__a_considemble 
thickening  of  the  oute£_wall  oLthe  epidermis,_which_is  also  well  cutmized, 
-stOTTiTitar  sunl?  TiTpit-like  orgroove-shaped  ^depressioas^^ajr^containing^ 
tomentum,  mere-t^^aees-of-^aTicHIappear  in  cultures  under^ry  conditions, 
attain^aTTigh-d^reeoTdevelopment  in  ^typical^^Yophytes^a^d  occur  quite 
gehefattjrimderThelnbsf  dIverse"^Hysiw    conditions.     Most  xerophytes, 


Fig.  13.  Xerophilous  structure.  D:y 
climaie.  Mesembryanthemum  Forskalii, 
a  leaf-succulent  of  the  Egyptian  desert. 
Transverse  section  of  leaf.  After  Volkens, 


Fig.  14.  Xerophilous  structure.  We/  saline 
soil  of  tropical  shores.  Sesuvium  Portulacastrum. 
Succulent  plant.    Transverse  section  of  leaf. 


also,  have  the  property  of  closing  their  stomata  when  they  begin  to  wilt, 
and  thus  of  considerably  depressing  their  transpiration  ;  this  is,  however, 
not  quite  universal.  Undoubtedly,  under  direct  insolation,  the  pro- 
tection afforded  by  the  closing  of  stomata  is  much  less  than  is  often 
imagined. 

The  organs  which  serve  for  absorption  in  xerophytes  are  no  less  well 
adapted  for  their  purpose  than  are  those  for  transpiration.  A  very  rich 
root-system  distinguishes  the  majority  of  tliem,  and  many  species, 
especially  epiphytes,  possess  a  highly  effective  absorbing  apparatus,  which 
will  be  described  further  on. 
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Correlations  among  Xerophytes  of  Different  Habitats. 

The  contrivances  for  conserving  water,  which  have  been  already  described, 
appear  to  be  identical  in  xerophytes  growing  in  habitats  where  the  danger 
of  desiccation  is  due  to  most  diverse  causes — it  may  be  to  physical  drought, 
to  coldness  of  the  soil,  to  abundance  of  soluble  salts  or  of  humous  acids  in 
the  soil,  or  to  reduced  atmospheric  pressure.  That  we  have  not  here 
merely  a  case  of  accidental  external  resemblance  may  be  safely  inferred 
from  the  fact  that  many  xerophytes  arc  satisfied  with  physiologically  dry 
habitats  of  the  most  diverse  kinds,  but  are  never  found  in  the  niiieh  more 
physically  similar  habitats  of  Itygrophytcs. 

This  interchange  of  physiologically  dry  habitats  may  be  observed  in 
West  Java.     The  character  of  the  vegetation  in  this  area,  as  determined 


KiG.  15.  Xerophilous  structure.  Wet  saline 
soil  of  Javanese  mangrove-swamp.  Son- 
neratia  acid.i.  Water-storing  tracheids  from 
the  end  of  a  vascular  bundle  in  the  leaf. 


Fig.  16.  Xerophilous  structure.  Vegetation 
of  dry  hark  (epiphytes).  Pleurothallis. 
Water-storing  tracheids  in  the  leaf.  Blu- 
menau,  Brazil. 


by  the  climate,  is  decidedly  hygrophilous  ;  xerophytes  are  confined  to  very 
limited  stations,  the  physical  character  of  which  varies  greatly.  Such  are, 
for  instance  : — 

1.  Dry  lava-gravels  and  other  stony  substrata,  as  at  Gunong  Guntur. 

2.  The  bark  of  trees  (epiphytes). 

3.  The  sea-shore,  including  mangrove-swamps  which  are  still  inundated 
at  ebb-tide. 

4.  Solfataras,    with    wet    clay    soil,   impregnated   with    alum    and    other 
soluble  salts. 

5.  Alpine  highlands  with  rarefied  air  and  sti'ong  insolation. 

More  dissimilar  physical  conditions  cannot  be  well  imagined  than  those 
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afforded  by  the  bark  of  trees  in  a  virgin  forest,  the  solfataras,  and  the  alpine 
highlands.  Yet  in  West  Java  the  vegetation  of  these  habitats  is,  to  a  large 
extent,  composed  of  identical  species  of  xerophytes,  which  are  completely 
absent  from  other  habitats  that  have  a  greater  physical  resemblance  to  those 
in  question  but  are  hygrophilous.    Thus,  for  instance.  Vaccinium  polj'anthum 

(Agapetes  rosea,  Jungh.),  Rho- 
dodendron javanicum,  and  R. 
retusum  grow  as  epiphytes  in 
the  virgin  forest,  as  terrestrial 
plants  in  the  treeless  alpine 
region  and  in  solfataras  ;  Ficus 
diversifolia  is  an  epiphyte  in 
the  virgin  forest,  a  terrestrial 
shrub  in  solfataras ;  Vacci- 
nium varingiaefolium,  Gaulthe- 
ria  leucocarpa,  Myrsine  avenis, 
Tetranthera  citrata  inhabit  the 
treeless  alpine  region.  All 
these  plants  have  conspicuous 
xerophilous characteristics.  The 
same  agreement  is  found  in 
Japan  between  the  vegetation 
of  the  solfataras  and  that  of 
the  much  higher  alpine  region. 
The  conditions  of  life  on  the 
bark  of  trees,  in  the  moderately 
warm  virgin  mountain-forests, 
and  on  the  hot  saline  sea-shore 
are  still  much  more  dissimilar 
than  in  the  cases  cited  above. 
And  yet  there  is  at  least  one 
plant  that  grows  in  both  habi- 
tats as  well  as  in  the  solfataras, 
but  nowhere  else — the  bushy 
Ficus  diversifolia.  Forming  the 
first  vegetation  on  the  dry  lava- 
fields  of  Gunong  Guntur,  which 
are  fully  exposed  to  the  sun's 
rays,  at  about  i,ooo  meters  above  sea-level,  I  also  found  the  Rhodo- 
dendron javanicum  mentioned  above — elsewhere,  an  epiphyte  in  the 
virgin  forest,  a  terrestrial  plant  only  in  the  solfataras  and  on  alpine 
highlands — side  by  side  with  orchids  and  ferns  which  are  elsewhere 
epiphytic. 


Fig.  1 6  a.  Xerophilous  structure.  Dry  sttbsiratuin 
(epiphytes).  Codonanthe  sp.  (Gesneraceae).  Section 
of  an  old  leaf  with  voluminous  aqueous  tissue.  Mag- 
nified 55.  Natural  size  shown  below.  From  nature.  The 
lower  figure  is  inverted. 
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Such  manifold  interchangcability  of  habitats  among  xerophytes,  as  is 
found  in  Java,  has  not  yet  been  estabh'shcd  for  other  areas,  possibly  only 
because  the  physiological — as  opposed  to  the  physical — aspect  of  xerophily 
is  quite  new  as  a  subject  of  study,  and  observers  have  bestowed  very  little 
attention  on  such  phenomena.  But  Battandier  had  already  reported  that 
certain  Algerian  plants  are  confined  to  the  alpine  summits  of  the  Atlas 
mountains  and  to  the  sea-shore;  further,  that  certain  ubiquitous  plants,  in 
both  these  apparently  so  dissimilar  habitats  develop  exactly  similar  ano- 
malous forms  ;  and,  finallj', 
that  the  cultivation  of  alpine  ^otw 
and  littoral  plants  in  or- 
dinary lowland  soil  induces 
similar  modifications  of 
structure. 

The  xerophilous  character 
of  the  vegetation  of  peat- 
moors  has  hitherto  been  con- 
sidered an  incomprehensible 
anomaly,  and  yet  the  rich 
supply^  of  humous^acHir  in 
the  soil  furnishes  acondition 
for  its  occurrence  as  com- 
prehensible as  it  is  necessary. 
The  presence  of  Scots  pine 
and  heather  on  both  dry 
sand  and  on  wet  peat  is 
thus  not  more  remarkable 
than  is  that  of  Ledum  pa- 
lustre,  Vaccinium  uliginosum, 
and  other  peat-plants  on  the 
cold  dry  soil  in  the  polar 
zones.  All  these  habitats 
so  very  dissimilar  in  physical 
character  are  dry  to  plants,  and  therefore  suited  for  the  well-being  of 
xerophytes. 

In  spite  of  all  the  resemblances  in  the  protective  means  employed,  in 
spite  of  the  frequent  interchange  of  the  precise  methods  of  protection, 
in  short,  in  spite  of  all  similarit}'  in  the  vegetation  of  various  physiologically 
dry  districts  and  habitats,  careful  examination  shows  that  certain  forms  of 
xerophily  are  favoured  by  definite  external  conditions.  The  connexion 
between  structure  and  environment  is,  as  a  rule,  easily  intelligible  in  such 
cases.  Thus  succulent  plants  occur  chiefly  in  hot  districts,  and  there  alone 
attain  large  dimensions,  both   in  dry  and   in  damp  air  (plants  of  deserts, 


Fig.  17.  Xerophilous  structure.  Vegetation  of  wet  saline 
soil  of  the  Javanese  inangrove-swatnps.  Rliizoplior.! 
mucronata.  Transverse  section  of  leaf  with  aqueous  tissue. 
Magnified  70. 
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of  sea-shores,  epiphytes) ;  in  districts  with  cold  winters,  they  fall  off  both 
in  number  and  dimensions,  and  only  those  species  that  shrink  up  consider- 
ably in  winter  appear  to  withstand  low  temperature  for  any  length  of  time. 

A  considerable  reduction  in 
the  transpiring  surface,  a 
formation  of  thorns,  a  dense 
coating  with  hairs  (Fig.  i8) 
are  rather  characteristic  of 
dry  air,  whilst  in  moist  air 
the  leaves  are  more  fre- 
quently well  developed  and 
glabrous.  Warm  districts  with 
prolonged  periods  of  drought, 
such  as  tropical  and  sub- 
tropical deserts,  are  char- 
acterized by  the  presence  of 
endochylous  succulent  plants, 
whereas  a  perichylous  con- 
struction indicates  a  plant 
accustomed  to  a  more  fre- 
quent though  a  scanty  water-supply,  such  as  characterizes  the  sea-shore 
and  the  epiphytic  conditions  within  humid  forests.     Mobile  pinnate  leaves 


Fig.  1 8.  Xerophilous  structure.  Dry  climate  of  the 
Egyptian  desert.  Heli.-inthemum  kahiricum.  Transverse 
section  of  a  very  h.iiry  leaf.  Magnified  40.  After 
Volkens. 


Figs.  19  and  20.  Xerophilous  structure.  Cushion-like  growth.  Left  hand  :  Raoulia  mani- 
millaris  from  New  Zealand.  One-sixth  natural  size.  Right  hand  :  Dionj'sia  sp.  from  the  mountains 
of  Persia.     Part  of  a  cushion.     Natural  size. 


point  to  rapid  changes  in  the  environment;  vertically  arranged  leaf-surfaces 
to  strong  insolation.  The  leathery  foliage  of  sclerophyllous  plants  is  found 
indeed  in  all  formations  of  xerophytes,  but  is  commonest  in  mild  temperate 
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regions  with  wet  winters  and  dry  summers,  like  that 
of  the  Mediterranean.  Finally,  according  to  certain 
authors,  the  dense  cushion-like  growth  of  certain  plants 
(Figs.  19,  20),  which  has  not  yet  been  mentioned,  may 
also  be  included  among  the  protective  measures  against 
drOUghtj^   ainnngst  -phjuierngams    this    is    rnnfinprl    tn 


plants  of  regions  that  are  cold,  or  at  any  rate  cool 
r.!'.d  periodically  cjoudy^  and  is  chiefly  prevalent  m 
those^of  high  mountains.  A  hai-J  substratiim~appears 
to  favour  it,  but  is  not  essential,  for  cushion-like  vege- 
tation is  also  found  on  meadows  and  moorlands. 

Such  differences  often  give  a  varied  physiognomy 
to  xerophilous  formations ;  they  are  however  only 
quantitative  and  not  qualitative,  for  every  natural  com- 
munity of  xeropln-tes  includes  the  most  diverse  types 
intermingled  in  various  proportions.  For  instance,  in 
one  locality  succulent  plants  predominate,  in  another 
thorny  shrubs  with  pinnate  leaves,  in  still  another 
i  sclerophylious  or  very  hairy  plants  ;  other  forms  are 
howev-er  always  present  as  auxiliary  species. 

iii.     HYGROPHYTES. 

VViesncr '  culti\ated  in  absolutely  saturated  air  a 
number  of  plants  of  more  or  less  decided  xerophilous 
character,  especially  some  which  naturally  possess  basal 
rosettes  of  leaves,  and,  leaving  out  of  consideration 
those  plants  that  became  diseased,  he  obtained  es- 
sential deviations  from  the  normal  structure.  The 
leaves  attained  extraordinary  dimensions,  the  rosettes 
by  lengthening  their  internodes  became  converted  into 
long  shoots  (Fig.  21).  Under  similar  conditions  in 
Lothelier's  experiments,  slightly  foliaged  or  non-foliaged 
thorn)'  xerophytes  were  converted  into  absolutely  or 
nearly  thornless  plants  with  abundant  foliage  (Fig.  2i). 
Xerophytes  wlicii  cultivated  in  very  moist  air, provided 
they  can  endure  it,  acquire  a  quite  abnormal  structure 
ivhich  approaches  that  of  hygrophytes. 

Typical  hygrophytes  have  weakly  developed  roots, 
elongated  axes,  and  large  thin  leaf-blades.  They  are 
hardly  ever  thorny,  as  the  parts  of  their  vegetative 
shoots  always  assume  the  form  of  foliaged  shoots  and 
of  leaves  ;  thej'  may,  however,  be  prickly,  as  prickles 

'  Wiesner,  III. 
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Fig.  21. 
Taraxacum  of- 
ficinale. Left 
hand  :  leaf,  in 
nature  .about  60 
cm.  long,  in  ab- 
solutely satu- 
rated air.  Right 
hand  :  leaf,  in 
naturei2-i5cm. 
long,  from  a  mo- 
derately damp 
locality.  After 
Wiesner. 
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do  not  involve  any  diminution  of  the  transpiring  surface.  Their  internal 
structure,  like  their  external  form,  is  specially  adapted  for  promoting  the 
exit  of  water. 

Protective  means  against  the  loss  of  water  are  not,  however,  as  a  rule 
completely  wanting.  The  Hymenophylleae  of  moist  evergreen  forests 
dry  up  very  quickly  in  dry  air,  and  are  therefore  always  dependent  on  an 
atmosphere  that  is  constantly  very  damp.  This  is  also  true,  if  to  a  less 
degree,  of  other  herbaceous  plants  of  similar  habitats.  Hygrophilor.s 
trees,  on  the  contrary,  are  at  times  exposed  to  a  less  humid  atmosphere. 

and  are  partially  exposed  to  direct 
insolation,  by  which,  even  in  a  satu- 
rated atmosphere,  their  transpiration 
is  materially  accelerated.  Hence 
many  hygrophilous  woody  plants, 
especially  in  the  tropics  \  possess 
distinct  though  weakly  developed 
protective  devices  against  the  loss 
of  water,  apparently  similar  to  those 
which  are  strongly  developed  in  xe- 
rophytes,  such  as  an  epidermis  rich 
in  water  or  a  thin  aqueous  tissue, 
and  in  leaves  exposed  to  sunlight 
a  well-developed  cuticle. 

By  such  protective  means  the  pali- 
sade-cells are  guarded  against  ex- 
cessive loss  of  water  during  the  hot 
midday  hours,  the  stomata  are  also 
closed  during  the  same  period.  The 
urgent  necessity  for  such  a  temporary 
decrease  in  the  transpiration  is  proved; 
by  the  drooping  of  the  foliage  of 
many  tropical  trees  and  shrubs  under 
the  midday  sun.  At  other  hoursj 
of  the  day,  or  when  the  sky  is  clouded,  transpiration  through  the  stomata! 
is  quite  unrestricted  -,  and  under  weaker  illumination  far  exceeds  that! 
through  the  cuticle.  Danger  to  hygrophytes  from  too  much  transpiration 
if  it  exists  at  all,  is  limited  to  a  few  hours  in  the  day,  and  is  often  non- 
existent for  weeks  ;  it  may,  at  the  worst,  cause  the  foliage  to  wilt,  but 
cannot  cause  death  from  desiccation.  Thetr  chief  danger  is  that  ol 
stagnation  of  the  transpiration-current,  and  the  existence  of  this  dangei 
is  primarily  apparent  in  the  structure  of  hygrophytes. 


Fig.  22.    Ulex   europaeus.      a  In   ordinary 
air.     d  In  saturated  air.     After  Lothelier. 


Haberlandt,  I. 


Ibid. 
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The  greatest  possible  expansion  of  the  transpiring  surface  is  the  most 
general  characteristic  of  hygrophytes.  How  important  this  may  be  has  been 
shown  by  comparative  experiments  made 
by  Noll,  on  a  large-leaved  hygrophilous 
plant,  Aristolochia  Sipho',and  on  a  sphe- 
roidal Echinocactus.  His  observations 
showed  that,  forequal  weights,  the  Echino- 
cactus possessed  a  surface  300  times 
smaller  than  the  Aristolochia.  Were 
it  merely  a  question  of  the  size  of  surface 
exposed,  the  ratio  of  the  transpiration  of 
the  two  plants  would  beas  i  :  300.  The 
Cactaceae,  however,  besides  exposing 
a  small  surface,  have  other  xerophilous 
characteristics,  in  their  weakly  developed 
intercellular  system,  their  thick  cuticle, 
and  so  forth ;  the  Aristolochia,  on  the 
other  hand,  is  not  only  large-leaved,  but 
is  also  provided  with  other  aids  to  trans- 
piration, such  as  large  intercellular  sys- 
tem, thin  cuticle,  and  the  like;  so  that 
the  ratio  of  their  transpiration  is,  not 
1  :  300,  but  I  :  6,000.  This  latter  ratio 
gives  a  clearer  idea  of  the  efficiency  of 
the  means  for  regulating  transpiration 
than  any  actual  description,  and  it  is  not 
at  all  an  extreme  case,  for  although 
Cactaceae  are  typical  xerophytes,  yet 
Aristolochia  is  by  no  means  a  decided  hygrophyte. 

In  many  hygrophytes,  especially  those  of  damp 
tropical  forests,  adaptation  in  the  construction  of  the 
thin  leaf-surfaces  is  evident.  Where  the  plant  is 
liable  to  heavy  rainfall  the  leaves  have  often  the 
long  •  dripping  point,'  by  means  of  which  water  is 
soon  drained  off-  (Fig.  23).  The  leaves  of  plants 
living  in  the  deep  moist  shade  of  the  forest,  as  well 
as  those  growing  beside  brooks  where  they  may 
be  sprayed  bj-  the  water,  frequently  have  a  velvety 
surface  on  which  the  water  spreads  out  by  capillarity 
into  an  extremely  thin  la3'er  that  evaporates  rapidly 
(Fig.  24)  ■-. 


Fig.  23.  Hygrophilous  structure.  Ficus 
religiosa.  Leaf  with  dripping  point.  After 
Stahl. 


Fig.  24.  Hygrophilous 
structure.  Begonia  im- 
perialis.  Conical  papillae 
on  the  upper  surface  of  the 
leaf,  slightly  magnified. 
After  Stahl. 


1 


This  is  tropophilous  and  therefore  hygrophilous  during  the  growing  season. 
'  Jungner,  op.  cit.,  and  especially  Stahl,  II.  '  Stahl.  IV. 
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As  a  means  for  promoting  transpiration  the  significance  of  a  well- 
developed  air-containing  intercellular  system,  such  as  exists  in  the  leaves 
of    all    hygrophytes    (Figs.  25,  26),  is   self-evident.     The  very  numerous 


Figs.  25  and  26.  Hygrophilous  structure.     Leaf  of  Fagtis  sylvatica.     Left  hand  :  Transverse  section 
'  of  a  shaded  leaf .     Right  hand  :   Spongy  parenchj-ma  of  a  shaded  leaf.     After  Stahl. 

stomata  serve  as  efferent  passages,  and  they  are  not  deeply  sunk  in  the 
surface,  as  in  xerophytes,  but  are  superficial  in  position,  and  sometimes 
even  raised  on  cones  without  any  protective  arrangements. 

Hydathodes  (Fig.  27),  which  are  organs  for  excreting  liquid  water,  whose 
wide  distribution,  variety,  and  great    importance   were  first    revealed    by 

Haberlandt  \  are  specially 
characteristic  of  hygro- 
phytes in  a  very  damp  cli- 
mate. Early  in  the  morn- 
ing under  such  climatic 
conditions,  especially  in 
the  tropics,  many  plants, 
herbs  as  well  as  trees,  are 
so  covered  with  drops  of 
water  that  not  infrequently 
a  drizzling  rain  seems  to 
be  descending  from  the 
forest  canopy  of  leaves. 
This  has  been  incorrectly 
regarded  as  dew.  It  owes 
its  origin  much  more  to 
excreting  hydathodes,  the 
activity  of  which  is  greatly 
.increased  when  transpira- 
tion is  restricted,  but  ceases  when  the  air  is  dry.  Hydathodes  are  epi- 
dermal structures  of  the  most  varied  nature.  Sometimes  simple,  sometimes 
complex   in  structure,  they  appear  in  the  form  of  hairs,  glandular  cells, 

'  Haberlandt,  II  and  III. 


Fig.  27.  Hygrophilous  structure.  Hydathodes  of  leaves. 
a  and  b  Gonocarynm  pyriforme.  c  Peperomia  exigua.  Mag- 
nified.    After  Haberlandt. 
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water-stomata,  and  so  forth.  They  are  sometimes  active  glands  com- 
parable to  sweat-glands,  sometimes  passive  places  of  exit  associated  with 
a  simple  process  of  filtration.  In  very  damp  regions  hydathodes  are  often 
very  numerous.  Thus  Haberlandt  found,  on  an  average,  fifty-five  hyda- 
thodes per  square  millimeter  on  the  upper  surface  of  a  leaf  of  Gonocaryum 
p)-riforme,  and  fifty-eight  on  an  equal  area  of  its  lower  surface. 

j\Ian\'  other  features  in  the  more  minute  structure  of  hygrophytes,  such 
as  the  red  and  silver  spots  on  variegated  leaves,  have  been  regarded 
as  favouring  the  exit  of  water.  We  must  leave  it  to  further  research 
to  discover  how  far  the  ingenious  and  suggestive  explanations  of  these 
phenomena  are  borne  out  by  facts  '. 

iv.     TROPOPHYTES. 

The  vegetation  of  districts  with  climates  alternately  damp  and   dry  or 
cold,  is  alternately    of  a   hygrophilous  and    of   a    xerophilous  character  ; 
it  is  therefore  tropophilous.     The  equivalence  of  cold  and  dry  seasons  as 
regards  the  supply  of  water  to  plants 
has  caused  similar  adaptations  in  both 
cases. 

Most  tropophytes,  whether  of  an 
alternately  dry  and  moist  climate  or 
of  an  alternately  cold  and  hot  one, 
sacrifice  the  greater  part  of  their 
transpiring  organs  at  the  beginning 
of  the  physiologically  dry  season. 
Many  herbaceous  plants  lose  all  their 
subaerial  parts,  and  merely  retain 
their  subterranean  ones,  which  trans- 
pire but  slightly.  Others  retain  only 
the  leafy  shoots  near  the  ground,  in 
the  form  of  rosettes  or  otherwise 
grouped.     Most  woody  plants  shed  their  leaves. 

Periodically  foliaged  tropophilous  woody  plants  have  hygrophilous  leaves, 
but  xerophilous  axes  and  buds.  Stems  and  branches  are  protected  against 
drought  by  bark  or  bj'  thick  layers  of  cork,  buds  by  hard  and  often 
lacquered  scales.  Tn  the  rmr  ^f  evprrreen  tr^tgophilous  woody  plants. 
,xerophily  ni"°<-  "^-tmd  t^  th»  frlin^jp,  rrr_thpjntt°r  would  perish  from  want 
of^water  in  the  dry  or  cold  season.  Such  tropophytes  are  therefore, 
except  for  their  young  shoots,  entirely  xerophilous  in  construction  ;  they  are, 
however,  distinguished  from  xerophytes  by  their  environment.  Examples 
from  our  own  flora  are  the  silver-fir  and  the  spruce  (not  the  really  xerophilous 
Scots  pine  of  dry  sandy  soil),  holly  (Fig.  28),  cowberry,  heather,  and  others. 

'  See  Stahl,  IV. 


Fig.  28.  Xerophilous  structure  in  the  peren- 
nial leaf  of  a  tropophilous  plant.  Ilex  Aqui- 
folium.     After  Stahl. 
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The  change  from  tints  of  deep  green  to  greyish  brown,  from  dense 
masses  of  fresh  foliage  to  dry  loose  branches,  which  the  passage  from  a 
hygrophilous  to  a  xerophilous  mode  of  life  calls  forth,  gives  a  very  similar 
appearance  to  all  tropophytic  districts,  in  spite  frequently  of  wide  physical 
differences  in  climate.  Tropical  luxuriance  of  growth  is  by  no  means 
universal  in  the  tropics  ;  extensive  regions  in  the  interior  of  continents 
remind  one  by  the  physiognomy  of  their  vegetation,  even  in  the  rainy 
season,  more  of  Central  Europe,  than  of  the  overpowering  richness  of 
regions  near  the  coast  with  a  heavy  rainfall,  and  the  dry  season  especially 
is  not  at  all  unlike  a  German  winter  in  its  effects  upon  the  covering  of 
vegetation  of  the  soil.  On  the  other  hand,  many  extra-tropical  tracts  with 
mild  winters  and  abundant  rainfall,  such  as  the  West  of  New  Zealand,  or 
South  Chili,  possess  luxuriant  evergreen  forests  like  those  of  the  tropics. 
There  the  climate  is  one  for  hygrophytes. 

Periodical  foliation  and  defoliation  is  indeed  particularly  characteristic 
of  tropophytic  districts,  for  the  defoliation  is  very  complete  and  foliation 
very  luxuriant  ;  but  these  phenomena  are  not  confined  to  such  districts. 
Many  xerophytic  districts  also  possess  distinct  seasons,  which  are  likewise 
accompanied  by  the  shedding  and  renewal  of  the  foliage  ;  the  periodic 
change  is  then  however  less  obvious,  partly  because  the  number  of  evergreen 
woody  plants  is  greater,  partly  because  the  density  of  the  foliage  is  less. 
This  phenomenon  is  also  common  to  many  hygrophytic  districts,  but  then 
it  is  in  most  cases  confined  to  a  thinning  of  the  foliage  which  is  not  com- 
pletely shed.  Besides,  the  phenomenon  is  limited  to  a  minority  of  the 
trees,  except  in  districts  which,  like  East  Java,  are  climatically  allied  to 
tropophytic  districts  and  form'  a  transition  stage  to  them.  Defoliation 
is  an  adaptation  to  a  physiologically  dry  period.  An  attempt  has  been 
made  to  assign  as  the  invariable  cause  of  its  commencement  the  beginning 
of  an  insufficient  water-supply,  whether  due  to  the  drying  up  or  cooling 
down  of  the  soil.  However  obvious,  a  priori,  this  explanation  may  appear, 
it  is  as  yet  an  unproven  hypothesis. 

2.  VEGETATIVE  ORGANS  OF  AQUATIC  PLANTS  i. 

The  oecological  conditions  of  plant-life  in  the  liquid  medium  of  water  are 
evidently  different  from  those  of  plants  growing  in  the  air,  however  rich  in 
water-vapour  this  may  be.  Aquatic  plants  in  fact  exhibit  a  series  of  peculiar 
characteristics  that  are  to  be  correlated  with  the  physical  properties  of  water 
in  the  liquid  state.  On  the  other  hand,  many  characteristics  that  occur  in 
plants  growing  in  a  very  moist  atmosphere  are  more  markedly  exhibited  in 
aquatic  plants  also.  The  chemical  identity  of  water  in  the  liquid  and  the 
gaseous  condition  has  some  influence  in  causing  such  conformity. 
'  H.  Schenck,  I-III  ;  Goebel,  op.  cit. 
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Mail)'  terrestrial  plants  growing  accidentally  in  water  exhibit  only  slight 
deviations  from  their  normal  structure,  for  this  is  too  firmly  fixed  by 
heredity  to  yield,  in  the  first  generation,  to  new  influences.  Other  terrestrial 
plants  are  more  plastic  and  at  once  undergo  a  series  of  modifications  owing 
to  which  their  structure  approaches  that  of  true  aquatic  plants.  Thus 
H.  Schenck  found  on  the  banks  of  a  pond,  which  had  overflowed,  some 
submerged  specimens  of  Cardaminepratensis  which  exhibited  the  following 
deviations  from  the  normal  terrestrial  form.  The  cauline  leaves,  normally 
sessile,  had  acquired  long  petioles,  their  segments  were  narrower,  their 
mesophyll  was  thinner  and  devoid  of  palisade-cells,  their  cortex  was  thicker 
because  their  vascular  bundles  had  been  displaced  towards  the  centre 
(Fig.  29),  the  sclerenchymatous  elements  richly  developed  in  the  terrestrial 
form  were  absent,  the  outer  wall  of  the  epidermis  had  become  very  thin, 
the  vessels  were  greatly  reduced,  and  the  intercellular  spaces  enlarged. 
These  modifications  are  to  a  great  extent  very  similar  to  those  induced 
by  water-vapour.  In  very  damp 
air  we  find  lengthening  of  the 
petiole,  diminution  in  the  thick- 
ness of  the  cell-walls,  reduction  in 
the  development  of  vessels  and 
palisade-cells,  and  an  increase  in 
the  air-containing  spaces.  Only 
two  characteristics,  which  are 
not  very  prominent,  depend  on 
the  liquid  condition  of  the  water : 
these  are  centripetal  displacement 
of  the  vascular  bundles  and  the 
narrowing  of  the  leaf-segments.  TItis  represents  the  first  step  towards  the 
transformation  of  a  terrestrial  plant  into  an  aquatic  plant. 

The  Cardamine  does  not  appear  able  to  hold  its  own  as  an  aquatic 
plant.  Its  plasticity  is  not  sufificient  for  the  purpose.  Other  so-called 
amphibious  plants,  the  best  known  of  which  is  Polygonum  amphibium, 
thrive  equally  well  as  aquatic  or  as  terrestrial  plants,  because,  owing  to 
a  high  degree  of  plasticity,  they  become  appropriately  modified  for  either 
medium. 

Aquatic  phanerogams  and  pteridophytes,  possibly  also  aquatic  mosses,  have 
originated  from  plastic  terrestrial  plants  that  possessed  the  faculty  of  estab- 
lishing themselves  as  aquatic  plants.  Excepting  the  few  species  that  have 
remained  amphibious,  their  persistence  is  eventually  due  to  this  faculty, 
for,  crowded  out  by  the  competition  of  terrestrial  plants,  they  have  taken 
refuge  in  the  water,  where  they  have  gradually  become  appropriately 
modified  and  have  lost  partially,  or  completely,  the  ability  to  thrive 
normally  upon  land. 


Fig.  29.  Cardamine  pratensis.  Stem  in  trans- 
verse section.  A  Terrestrial  form.  B  Aquatic 
form,  in  pith  ;  >-p  cortical  parenchyma  ;  nir  ring 
of  mechanical  tissue.  Slightly  magnified.  After 
H.  Schenck. 
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The  directions  in  which  the  modifying  influence  of  water  has  chiefly 
acted  are  as  follows :  enlargement  of  the  external  surface  of  the  shoots  by 
the  lengthening  or  subdivision  of  their  members,  suppression  or  diminution 
of  the  root-system  along  with,  it  may  be,  its  transformation  into  fixing 
organs,  weak  development  of  the  cuticle,  absence  or  reduction  in  number  of 
the  stomata,  displacement  of  the  vascular  bundles  to  form  a  central  strand, 
peripheral    disposition    of  the    chlorenchyma.      In    still    waters    there    is 

besides,  as  a  rule,  a  diminution 
in  the  mechanical  elements  and 
an  increase  in  the  air-containing 
intercellular  spaces.  These  mo- 
difications are  not  so  noticeable 
in  actively  moving  water,  where 
also  the  relatively  large  ex-  , 
tension  of  surface  is  less  pro-  ' 
nounced.  The  utility  of  these 
modifications  is  obvious.  It  is 
onl}-  doubtful  whether  they  are 
to  be  attributed  to  natural  selec- 
tion or  to  the  direct  influence 
of  water.  The  first  hint  in 
explanation  of  some  of  them 
comes  from  the  Cardamine  ac- 
cidentally growing  in  water,  in 
regard  to  which  there  can  be 
no  question  of  natural  selection. 
Probably  both  groups  of  influ- 
ences, the  direct  and  the  indirect, 
have  acted  simultaneously. 

The  modifications  which  ex- 
istence in  water  induced  in 
plants  that  were  originally  ter- 
restrial are  only  in  part  attri- 
butable to  the  direct  action  of 
water.  For  the  rest,  it  is  a 
question  of  other  factors  of 
plant-life,  which  are  themselves 
modified  by  water.  Some  characteristics  of  aquatic  plants  are  to  be 
attributed  to  the  weakening  of  the  light  in  water,  and  they  accordingly 
reappear  in  terrestrial  plants  growing  in  deep  shade  ;  in  illustration  of  this 
may  be  cited  the  peripheral  arrangement  of  the  chlorenchyma  and 
possibly  the  great  lengthening  of  parts  in  deep  water.  The  considerable 
extension  of  the  plant-surface,  and  the  abundance  of  air-containing  canals 


Fig.  30.  Ranunculus  fluitans.     i.  Aquatic  form. 
2.  Terrestrial  form.     Two-thirds  natural  size. 
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in  members  (rhizomes,  roots)  from  which  such  canals  are  constantly  absent 
in  terrestrial  plants,  is  to  be  ascribed  to  the  risk  of  want  of  oxygen  owing 
to  the  slow  diffusion  of  gas  in  water  ;  these  canals  conduct  the  oxygen  set 
free  by  assimilation  into  tissues  that  are  not  green.  Plants  growing  in 
water  that  is  in  acti\-e  movement  and  consequently  richly  supplied  with  air, 


Fig.  31.  Ranunculus  fluilans.     Transverse  section  of  a  segment  ol  a  leaf,     a  Aquatic  form; 
magnified  90.     /'  Terrestrial  form  ;  magnified  60.     After  H.  Schenck. 

such  as  the  Podostemaceae  of  tropical  waterfalls  and  the  larger  surf-Algae, 
are  distinguished  from  terrestrial  plants  neither  by  a  large  development  of 
the  surface,  nor  by  the  possession  of  special  aerating  devices.  These 
phenomena  will  be  more  thoroughly  discussed   further  on  \ 

The  other  characteristics  of  aquatic  plants  may  be  considered  as  due  to 
the  direct  action  of  the  water.  Three  of  them  are  characteristic  of  liquid 
water,  as  opposed  to  water- 
vapour  :  first,  the  poverty  in, 
or  absence  of,  stomata  which 
no  longer  function  as  in  air 
as  organs  for  the  interchange 
of  gases,  since  the  whole 
surface  of  an  aquatic  plant 
absorbs  and  emits  oxygen 
and  carbon  dioxide  and  no 
transpiration  takes  place  ; 
secondly,  the  central  position 
of  the  vascular  bundles  in 
correspondence      with      the 

necessity  for  resisting  tensile  strains  ;  finally,  the  mucilage,  which  protects 
young  plants  against  loss  of  substance  by  diffusion  -.  Other  peculiarities 
also  occur  in  a  less  pronounced  degree  in  damp  air,  namely,  the  reduction 
of  the  root-system,  of  the  vessels,  and  of  the  epidermal  tissues,  and  this 
reduction  is  correlated  with  the  absence  of  transpiration  in  water  and  with 
its  diminution  in  damp  air:  to  this  may  be  added  the  slight  development 


Fig. 
stem. 


32.   Callitriche  stagnalis.      Transverse   section    of 
z  Terrestrial  form.      /'   Aquatic  form.     Magnified 


67.     After  H.  Schenck. 


See  Part  I,  Chap.  IV,  and  Part  III,  Sect.  V. 
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of  the  sclerotic  elements,  which  however  shows  itself  only  in  still  water  and 
in  still  air. 

The  great  plasticity  which  rendered  possible  the  change  of  terrestrial 
plants  into  aquatic  plants  has  to  some  extent  been  inherited  by  descendants 
from  their  ancestors.  Most  phanerogamous  and  fern-like  aquatic  plants  can 
still  change  into  terrestrial  forms  approaching  ordinary  terrestrial  plants  in 
structure  (Figs.  30-32).  Shorter  axes,  less  subdivided  leaves,  palisade- 
parenchyma,  stomata,  a  well-developed  cuticle,  and  centripetal  disposition 
of  the  chlorenchyma  distinguish  such  terrestrial  forms  from  aquatic  forms. 
But  many  of  the  characteristics  acquired  during  a  normal  life  in  water  have 
become  hereditarj',  such  as  the  central  position  of  the  vascular  bundles. 
In  fact  the  whole  structure  show^s  unmistakably  that  we  have  to  deal  with 
somewhat  modified  aquatic  plants.  Such  deserters  from  the  water  generally 
remain  weakly,  and  rarely  or  never  blossom,  as  opposed  to  true  amphibious 
plants  in  which  it  is  precisely  the  terrestrial  form  that  displays  sexual 
activity  more  frequently  than  does  the  aquatic  form. 

Terrestrial  plants  that  have  been  transformed  into  aquatic  plants  com- 
prise only  a  small  section  of  the  whole  aquatic  flora.  Algae,  which  we 
have  not  yet  considered,  preponderate  in  aquatic  vegetation,  and  are  true 
aquatic  plants  whose  ancestral  forms  have  always  inhabited  water.  Even 
the  few  existing  terrestrial  Algae  are  more  dependent  on  liquid  water  than 
are  true  terrestrial  plants.  These  qualities  render  Algae  less  suitable  than 
more  highly  organized  types  for  illustrating  the  difference  between  aquatic 
and  terrestrial  plants. 

3.  WATER  AND  REPRODUCTION  1. 

A  plentiful  water-supply,  as  a  rule,  favours  the  development  of  the 
vegetative  organs  ;  scarcity  of  water  brings  about  their  reduction.  On  the 
contrary,  ilie  prodjiciioii  of  sexual  organs  is  usually  impeded  by  a  considerable 
supply  of  moisture  and  favoured  by  drought. 

This  principle,  which  has  long  been  established  by  practical  operations, 
has  led  to  various  horticultural  artifices  for  the  production  of  a  rich  supply 
of  blossom.  Among  these,  for  instance,  is  the  art  of  root-pruning,  in  which] 
a  trench  is  dug  around  the  plant  and  the  exposed  portion  of  the  root- 
system  cut  off.  In  Ceylon,  in  order  to  cause  the  vine  to  blossom,  the  roots; 
are  for  a  time  partially  laid  bare.  Cereus  and  other  Cactaceae  bear  flowerss 
more  plentifully  if  they  have  been  shrivelled  up  for  some  time,  than  after| 
a  period  of  uninterrupted  turgescence.  Many  plants,  for  instance  certain 
species  of  Juncus,  blossom  only  in  a  relatively  dry  soil. 

Retarded  passage  of  water  through  the  vessels  leads  to  similar  results 
If  a  twig  of  a  coffee-plant  be  broken  so  that  it  remains  attached  to  a  branch 

'  Kumerous  references  in  Sorauer,  Pflanzenkrankheiten,  Vol.  I,  and  Moebius,  op.  cit. 
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jnly  by  a  portion  of  its  wood,  it  produces  more  flowers  and  eventually 
norc  fruit  than  an  uninjured  twig'.  Sugar-cane  infected  with  the  sereh- 
lisease  having  its  vessels  obstructed  by  mucilage  always  blossoms  after 
I  short  time. 

Moebius  has  devoted  some  instructive  experiments  to  the  question  of  the 
iifluence  of  moisture  on  the  sexual  processes.  He  cultivated  in  pots 
pecimens  of  Phalaris  canariensis,  Borago  officinalis,  and  Andropogon 
schaemum,  in  sonic  cases  watering  them  plentifully,  and  in  others  just 
ufficiently  to  maintain  life.  In  every  case  flowering  was  signally  favoured 
yy  drought.  Plants  that  were  kept  moist  did  not  as  a  rule  produce  a  single 
lower  during  the  progress  of  the  experiment. 

To  the  same  group  of  phenomena  belongs  Wiesner's  observation,  accord- 
ng  to  which,  in  saturated  air,  Capsella  Bursa-pastoris  bore  only  a  few 
tunted  blossoms  and  Taraxacum  none  at  all,  whereas  the  vegetative  shoots 
if  both  these  plants  developed  with  extraordinary  luxuriance. 

Finally,  aquatic  plants  are  highly  instructive  in  this  respect.  Most 
quatic  phanerogams  remain  flowerless  if  a  considerable  depth  of  water 
indcrs  the  emergence  of  fertile  shoots.  Thus,  Alisma  Plantago,  Sagittaria, 
snardia,  Hippuris,  Elatine  Alsinastrum,  Littorella,  and  others,  remain 
terile  whenever  they  are  completely  submerged.  Many  amphibious 
pecies,  such  as  Marsilea  and  Pilularia.  develop  their  sporangia  exclusively, 
r  nearly  so,  on  their  terrestrial  forms.  Subularia  aquatica  is  cleistogamous 
hen  submerged.  On  the  other  hand,  vegetative  multiplication  takes 
lace  in  aquatic  plants  to  a  very  great  extent.  Thus,  in  a  few  years'  time, 
ur  waters  were  overrun  by  the  water-pest  Elodea  canadensis,  developed  by 
leans  of  its  severed  branches. 

The  Algae,  forming  by  far  the  greatest  class  of  water-plants,  complete 
leir  sexual  and  asexual  reproduction  under  water.  They  are  plants  whose 
ncestral  forms  were  already  aquatic  plants,  and  they  have  always  remained 
ithdrawn  from  the  influence  of  drought.  Yet  in  some  of  the  more 
mphibious  Algae  the  favourable  influence  of  drought  in  sexual  reproduction 
as  been  observed  ;  for  instance,  by  Klebs  in  Vaucheria. 

Those  aquatic  plants  that  have  sprung  from  terrestrial  forms,  as  is  the 
ise  with  phanerogams  and  the  higher  cryptogams,  have  accommodated 
lemselves  fully  to  water  as  regards  their  vegetative  activity ;  but,  as 
Jgards  sexual  reproduction,  they  have  with  few  exceptions  remained 
ibaerial  plants,  and  this  condition  has  induced  wonderful  adaptations, 
Jch  as  the  oft-described  pollination  of  Vallisneria  spiralis,  which  has  ever 
een  a  theme  for  poets.  Only  a  few  forms,  for  example  Ceratophyllum, 
faias,  Isoetes,  a  few  mosses,  and  especially  the  marine  phanerogams,  pass 
i^ery  stage  of  their  development  under  water,  for  which  reason  special 
daptations  in  relation  to  the  liquid  environment  are  induced.  Many 
'  Ernst  after  Moebius,  op.  cit. 
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plants,  also,  that  form  their  sexual  organs  under  water  are  fertile  in  shallo 
water,  but  sterile  in  deep  water  where  their  vegetative  growth  is  luxuriant 
we  see  this  in  Potamogeton  rufescens,  several  of  the  Podostemaceae,  Isoete 
and  other  plants.  This  may  be  due  to  the  action  of  light,  as  the  productic 
of  most  flowers  is  arrested  when  the  light  is  weak  '. 

A  flowing  movement  of  the  water  also  impedes  the  formation  of  flower 
for  instance  in  Potamogeton  pectinatus.  From  Klebs'  researches  on  varioi 
Algae,  it  appears  impossible  that  the  cause  of  this  should  be  the  weakenir 
of  the  light  by  bubbles  of  air.  The  phenomenon  has  not  yet  bee 
explained. 

4.  WATER  AND  THE  DISPERSAL  OF  SEEDS. 

The  species  of  plants  that  inhabit  waters  and  shores  frequently  have  coi 
trlvances  in  the  construction  of  their  fruits  or  seeds  enabling  them  to  flo 
for  a  long  time  and  thus  facilitating  their  dispersal  by  water-currents.  1 
highly  adapted  cases  such  fruits  or  seeds  possess  various  floating  orgar 
rarely  in  the  form  of  a  floating  bladder  with  a  wate 
tight  wall,  as  in  Morinda  citrifolia  (Fig.  33),  mo 
frequently  in  that  of  floating  tissue,  formed  by  a  thi 
husk,  the  cells  of  which  contain  air,  often  with  air-spac 
intervening,  as  in  fruits  of  Cocos  nucifera,  Cerbe 
Odollam,  Barringtonia  speciosa,  Terminalia  Catapj 
(Fig.  34),  Calophyllum  Inophyllum  (Fig.  35),  seeds 
Cycas  circinalis.  Yet  many  floating  fruits  and  seec 
Fig  %%  a  Morinda  among  which  are  some  that  remain  for  a  long  tin 
umbellata :  stone,  not      on  the  water,  for  instance  Heritiera  littoralis,  altogeth 

floating;   natural  size.         ,.  .  ,  ^-       i        i  ■      i      r      t       i_    ._•  j 

b  Morinda  citrifolia:  dispense  With  any  particular  kind  ot  adaptation  and  o\ 
stone  with  a  floating      their  low  specific  gravity  to  an  air-containincj  water-tig 

bladder;    natural  size.  i  &  » 

<r  The  same  magnified,      space  between   the  pericarp   and  the  seed,  or  betwei 

the    seed-coat  and    the    kernel    of  the   seed,  as   in  t 

case   of  many   inland   fruits    and    seeds    which    have   no    connexion    wi, 

the  water  °.  | 

I'ruits  or  seeds  possessed  of  prolonged  floating  capacity  are  frequc 
in  the  littoral  flora,  particularly  of  tropical  coasts,  where  they  are  oft. 
of  considerable  size  and  have  great  diversity  of  form,  within  the  fc 
recorded  types. 

The    great   importance  of  marine    currents   in  regard    to   the    dispen. 
of  seeds  was  first  recognized  in  the  case  of  tropical  fruits  and  seeds  '• 
Linnaeus,  who  found  some  of  those   belonging  to  the  tropical  Americ 
flora  on  the  Norway  coast,  whither  they  had  evidently  been  brought  by  t: 

'  See  Part  I,  Chap.  III. 

'  Schimper,  IV.  Numerous  figures  of  floating  fruits  and  seeds  will  be  found  in  t ; 
book;  see  particularly  Plate  VII. 
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Gulf  Stream  from  tlie  West  Indies.  More  recently  the  great  importance  of 
marine  currents  in  introducing  plants  to  coasts  and  islands  was  proved 
by  investigations  relating  to  the  Indian  and  Pacific  Oceans,  and  carried  on 
Dy  Hemsley,  Treub,  Guppy,  and  myself.  I  wrote  on  the  spot  the  following 
;lcscription  of  the  appearance  of  fruits  and 
eds  thrown  up  by  the  sea  at  Tjilatjap,  in 
5outh  Java  : — 


f^] 


KiG.  34.  Tcrmiiialia  Catappa. 
Drift-fruit.     Natur.il  size. 


'  The  broad  sandj'  shore  is  quite  free  from  vegeta- 
ion  and  nearly  bare.  Except  for  a  few  fruits  recently 
hrown  up  by  the  surf,  together  with  shells  and  frag- 
iients  of  pumice  coming  from  the  eruption  of  Krakatoa, 
t  is  strewn  onl}'  witli  the  fruits  of  Spinifex  squarrosus, 
vhich  are  either  bounding  and  rolling  along  urged  by 
he  wind,  or  lie  shortly  clipped  and  half-buried  in  the 
sand.  Behind  the  shore,  some  low  dunes  stand  up 
iharply,  and  are  overgrown  with  bluish  Spinifex.  At 
he  foot  of  these  dunes  lies  the  marine  drift,  carried 
hither  by  the  wind  or  by  high  tides,  in  the  form  of 
ong  sharply-defined  strips,  resembling  heaps  of  dung, 
in  which  many  seeds  have  germinated.  The  drift 
onsists  chiefly  of  brown  herbaceous  or  woodj'  frag- 
nents  of  various  species,  which,  excepting  the  Spini- 
£X,  are  difficult  to  idcntifj',  of  pieces  of  pumice,  coral, 
hells,  and  finally  of  fruits  and  seeds,  which,  wherever 

he  drift-heaps  are  specially  thick,  have  partly  begun  to  germinate  and  cover  them 
vith  a  fresh  green  verdure.  Many  of  those  fruits  and  seeds  come  from  plants  that 
ne  might  look  for  in  vain  in  the  neighbourhood  ;  some,  at  anj'  rate,  must  have  come 
rem  the  neighbouring  island  of  Noesa  Kambangan,  but  I  cannot  decide  whence 
he  others  have  come. 

'  Many  of  the  fruits  look  nearly  as  fresh  as  if  they  had  just 
alien  from  the  tree,  for  instance  those  of  Harrington ia 
peciosa.  Others  bear  traces  of  a  long  journey,  and  have 
leen  rubbed  nearly  out  of  all  recognition  ;  their  husks  are 
overed  with  Serpicula.  or  perforated  like  a  sieve,  or  inhabited 
y  a  colony  of  Cirripedes ;  manj',  such  as  Carapa  and  Cocos, 
ave  been  hollowed  out  by  animals. 

'The  most  numerous  of  all  these  fruits  are  those  of  Heritiera 
ttoralis,  and  thej'  arc  very  conspicuous  on  account  of  their 
real  size.  Abundant  likewise  are  the  large  fruits  of  Cerbera 
)doIlam,  quite  stripped  of  their  green  husks  and  partiallj'  of 
leir  parenchj-ma,  and   displaj-ing  the  bared  tough   fibrous 

oat  surrounding  the  endocarp  (here  forming  the  floating  tissue)  which  is  almost 
.■ater-tight.  Further  arresting  the  attention  are  coconuts  covered  only  with  the 
emains  of  their  fibrous  husks,  and  usually  with  one  side  perforated  by  a  round  hole 
irough  which  some  unknown  creature  has  eaten  its  fill  of  the  seed  that  has  almost 


Fig.  35.  Calophyl- 
lum  InophyUum.  .Stone 
of  fruit  opened  and 
exhibiting  the  floating 
tissue.     Natural  size. 
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entirely  disappeared.  The  ribbed  fruits  of  Nipa  fruticans  also  abound  ;  the  wrinkled 
fruits  of  a  Canarium  or  merely  their  remnants  in  the  form  of  stones  ;  the  large 
mitre-shaped  fruits  of  Barringtonia  speciosa,  as  well  as  the  oblong  ones  of  B.  excelsa 
and  the  much  smaller  fruits  of  a  third  species  not  determined  ;  the  boat-shaped 
stones  of  Terminalia  Catappa  (Fig.  34),  often  much  worn  by  friction  and  with  the 
thick  husk  infested  with  several  kinds  of  creatures,  especially  Cirripedes ;  the 
irregularly  angled  seeds  of  Carapa  obovata  looking  as  if  they  were  cut  out  of  bottle- 
cork,  their  husks  being  also  perforated  or  gnawed ;  the  large  angular  seeds  of 
Pangium  edule;  the  globular  stones  of  Calophyllum  Inophyllum  (Fig.  35)  ;  fruits 
of  various  Pandani ;  pods  of  Pongamia  glabra  and  of  Cynometra  caulifolia  ;  the  grey 
irregularly  rounded  seeds  of  Caesalpinia  Bonducella,  the  flat  dark  ones  of  a  Dioclea, 
the  oblong  ones  of  a  species  of  Erythrina  ;  the  seedlings  of  a  Bruguiera.  By  care 
fully  searching,  a  number  of  smaller  fruits  and  seeds  may  be  found,  such  as  the 
stones  of  Lumnitzera  racemosa  or  L.  coccinea,  those  of  Scyphiphora,  and  the  seeds 
of  Ipomoea  Pes-caprae. 

'  In  most  cases,  even  when  the  fruits  are  much  attrited,  the  seeds  are  quite  sound, 
and  germination  has  apparently  already  commenced  in  some  of  them  ;  in  this 
respect  there  is  a  striking  difference  between  different  species  which  is  probably 
due  to  the  various  degrees  of  durability  of  the  germinating  power.  Of  coconut 
palms,  oaks  or  Canarium,  there  are  no  young  plants,  and  the  seedlings  of  Heritiera 
are  few  in  comparison  with  the  vast  number  of  its  drifted  fruits.  Somewhat  more 
numerous  are  the  seedlings  of  Barringtonia  speciosa  and  another  species  of  the 
same  genus,  much  more  so  than  of  Calophyllum  Inophj'llum,  Cerbera  OdoUam, 
and  Carapa,  and  commonest  of  all  are  those  of  Ipomoea  Pes-caprae  and  of  various 
Leguminosae.  Seedlings  of  species,  the  ungerminated  seeds  of  which  I  did  not 
discover,  are  very  numerous,  especially  those  of  Ricinus  communis  and  of  several 
other  Euphorbiaceae.' 

The  littoral  flora  includes  an  extraordinarily  high  percentage  of  wide- 
spread species,  which  are  often  cosmopolitan  within  their  climatic  zones, 
and  which  owe  their  extensive  area  of  distribution  to  marine  currents, 
as  is  proved  by  the  presence  of  their  seedlings  on  heaps  of  drift  and  by 
investigations  into  the  floating  capacity  and  germinating  power  of  drift- 
seeds. 

Investigations  which  I  carried  out  as  to  the  duration  of  the  floating  capacity  of  the 
seeds  of  various  Malayan  littoral  plants  in  water  containing  3J  %  of  salt  had  to  be 
interrupted  before  all  the  seeds  had  sunk.  Seeds  of  Suriana  maritima  floated  for 
143  days,  those  of  Hibiscus  tiliaceus  for  121  days.  Other  seeds  or  indehiscent 
fruits  floated  from  10  to  70  days  and  then  sank.  Investigations  by  Guppy  at 
Buitenzorg,  which  had  also  to  be  stopped  after  53  days,  proved  that  the  germinating 
power  of  a  considerable  number  of  seeds  was  unimpaired  after  40-53  days. 

The  dispersal  of  littoral  plants  by  marine  currents  has  been  of  consider- 
able importance  in  establishing  plants  on  islands  and  coasts  not  merely  in 
the  past  but  at  the  present  day,  as  Treub  was  able  definitely  to  provel 
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when  lie  visited  the  Krakatoa  group  of  islands  about  three  years  after  the 
well-known  eruption  had  completely  destroyed  their  vegetation.  Numbers 
of  drift-seeds  were  then  lying  on  the  shore  and  many  plants  that  had 
evidently  sprung  from  such  seeds  were  already  growing,  forming  the  com- 
mencement of  a  littoral  flora  agreeing  in  composition  with  that  found 
in  other  islands  of  the  Malay  archipelago,  which  in  this  respect  show 
a  remarkable   uniformity. 
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CHAPTER    II 
HEAT 

I.  General  Considerations.  Heat  and  the  structure  of  plants.  Effects  of  a  cold 
climate  on  the  form  and  lie  of  leaves.  The  three  cardinal  points.  Phaenology. 
3.  Zero  Points  of  Plant-life.  \.  Lower  Zero  Points.  Power  of  resisting  cold.  Death 
by  cold  often  due  to  drought.  The  coldest  points  on  the  earth,  ii.  Upper  Zero  Points. 
Power  of  resisting  heat.  Sachs'  researches.  Hot  springs.  Highest  observed  tem- 
peratures in  soil  and  air.  3.  Cardinal  Points  of  the  Functions  of  Plants.  The 
harmonic  optimum.  The  absolute  optimum.  The  oecological  optimum.  Fluctuations 
of  the  harmonic  optimum  during  development.  The  oecological  optima  of  a  peach- 
tree.  Cardinal  points  of  germination.  Germination,  growth,  assimilation,  and  respira- 
tion at  low  temperatures.  Useful  low  temperatures.  Effects  of  cold  on  se.xual 
reproduction.  4.  Acclimatization.  Transference  from  a  warm  to  a  cold  climate  and 
the  reverse.  Schuebeler's  and  A.  de  Candolle's  researches.  H.  Mayr  on  the  acclimatiza- 
tion of  forest  trees. 

I.  GENERAL   COx\SIDERATIONS. 

In  spite  of  the  predominating  part  played  by  temperature  in  regard 
to  the  distribution  of  plaitts,  the  action  of  temperature  is  not  placed  in 
this  book  at  the  head  of  the  factors  determining  plant-distribution,  because 
the  e.Kistence  of  such  action  on  vegetable  organisms  is  less  clearly  recogniz- 
able than  is  that  of  water.  We  can  directly  observe  the  ingress  of  water 
into  a  plant  and  its  egress,  we  can  explain  physiologically  the  effects 
caused  by  these,  and  we  can  follow  the  transpiration-current  along  its 
course  ;  whereas  the  action  of  heat  is  carried  on  in  the  molecular  region  of 
the  protoplasm  beyond  our  ken,  and  is  visible  to  us  only  in  its  final  con- 
sequences, such  as  the  acceleration,  retardation  or  complete  cessation  of 
physiological  processes.  The  oecological  phenomena  display  similar  dif- 
ferences. Protective  adaptations  against  a  want  or  superfluity  of  water 
are  within  our  power  of  observation,  those  against  cold  and  heat  are 
entirely  beyond  them.  We  can  directly  see  whether  any  plant  naturally 
inhabits  a  dry  or  a  moist  .station,  but  not  whether  it  belongs  to  the  flora 
of  a  cold  or  warm  climate.  Indeed  plants  from  hot  deserts  frequently 
have  a  strong  resemblance  in  habit  to  those  of  polar  zones. 

Attempts  have,  however,  recently  been  made  to  establish  some  distinguishing 
points  between  individual  plants  belonging  to  species  growing  respectivelj'  in 
high    alpine    or    polar,    and    in    temperate   climates.      Thus    Lindberg   writes    as 
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follows':  'Most  kinds  of  moss  growing  here  [Spitzbergen]  are  forms  which  are 
more  or  less  imperfect  and  injured  by  frost.  In  fact,  they  suffer  greatly  from  the 
rigour  of  the  climate,  for  the  whole  plant  usually  assumes  a  dark  tint ;  the  stems 
become  shorter,  more  richly  branched  and  more  caespitose  than  usual ;  the  leaves 
also  are  modified  in  shape  and  direction  of  growth,  and  are  more  crowded,  shorter, 
less  pointed,  and  more  erect  or  adpressed  and  concave;  in  addition  they  are 
frequently  white  or  transparent  at  the  tip,  because  the  chlorophyll  is  frozen;  if  in 
the  well-developed  plant  the  midrib  of  the  leaf  be  continued  into  a  long  hair-like 
termination,  here  it  may  be  that  it  seldom  protrudes  beyond  the  leaf-tip.'  Similar 
observations  were  made  by  Berggren  ^ :  '  As  regards  mosses,  the  characteristics  are, 
that  the  leaves  are  broader,  very  often  concave,  and  have  a  tendency  to  form  hood- 
like tips.  ...  It  is  quite  the  exception  to  find  mosses  that  are  distributed  from  the 
temperate  zone  up  as  far  as  Spitzbergen,  which  have  not  shorter  and,  in  consequence, 
relatively  broad  leaves.  .  .  .  Sometimes  the  margin  of  the 
leaf  is  bent  back  as  well,  and  its  teeth  disappear.' 

Kjellman  gives  similar  results  for  several  plants  of 
a  higher  order,  and  refers  to  the  cones  of  Picea  excelsa 
and  the  leaves  of  a  few  Ericaceae.  There  is,  he  says, 
the  same  tendency  as  in  mosses  for  the  leaves  to  become 
broader  and  shorter  and  to  have  any  irregularity  in  their 
margin  removed. 

Further  research  must  decide  how  far  these  modifica- 
tions depend  directly  on  temperature. 

Warming^  observed  in  Juniperus  communis  iFig.  36), 
as  well  as  in  Lycopodium  annotinum  and  L.  Selago. 
a  tendency  to  bear  leaves  which  are  straighter  and 
adpressed  and  do  not  stand  olf  from  the  stem  as  is 
elsewhere  the  case.  He  considered  this  to  be  a  method 
of  protection  against  transpiration.  During  winter  many 
species  of  pines  resemble  such  '  cold  forms,'  as  their 
needles  become  raised  and  pressed  against  the  stem. 
I  do  not  know  of  any  such  effects  produced  by  drought*. 

Every  plant  can  live  only  at  temperatures  lying  between  two  extreme 
degrees,  which  are  more  or  Jess  far  apart,  and  are  termed  respectively  it; 
tipper  and  lower  zero  points.  The  overstepping  of  either  of  these  limits 
sooner  or  later,  but  at  the  latest  within  two  or  three  days,  results  in  thf 
death  of  the  plant.  The  zero  points  vary  for  different  species  ;  on  the 
other  hand,  individual  plants  of  one  species,  provided  they  have  grown  ii 
nearly  similar  environments,  have  the  same  zero  points.  The  absoluU 
extremes  of  plant-life  are  not  identical  ivith  those  of  all  its  functions.  Eac, 
function  has  its  oiun  extremes,  and  at  a  certain  degree  of  temperature  it 
optimmn.      There    are,  then,  three  cardinal    points  or  degrees.     Like  th 
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Juniperus  coni- 
The  form  nana 
of  a  cold  climate.  B  The 
common  form.  After  Warm- 
ing. 


'  Lindberg,  op.  cit.  p.  536. 

'  Warming,  op.  cit.  p.  114  and  Figs.  12-14. 


^  Berggren,  op.  cit.  p.  17. 
'  Johow,  op.  cit. 
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extremes,  the  optimum  of  each  function  is  characteristic  for  each  species, 
and  stands  the  higher  the  more  the  minimum  corresponds  to  a  higher 
temperature. 

The  data  indicated  above  form  the  only  basis  for  research  into  the  influence 
of  temperature  on  the  distribution  and  mode  of  life  of  plant-species. 

In  opposition  to  the  onlj'  scientific  interpretation  of  the  effects  of  temperature 
which  J.  Sachs  established  by  careful  experiments,  phaenology'^  assumes  much 
simpler  relations  between  heat  and  plant-life,  as  according  to  its  teaching  there 
is  a  direct  connexion  between  the  development  of  the  plant  and  the  degrees  of 
the  centigrade  thermometer.  Thus,  in  order  to  ascertain  the  amount  of  heat  required 
by  an  annual  plant,  the  mean  temperatures,  or  also  the  maximum  temperatures, 
from  the  sowing  to  the  ripening  of  the  seed  on  those  days  on  which  they  exceed 
zero  centigrade,  are  added  together.  The  sum  of  these  temperatures  for  one  and 
the  same  species  should  be  identical  for  any  climate.  This  theory,  as  might 
naturally  be  expected,  is  not  confirmed  by  facts.  The  sum  of  the  temperatures 
of  the  individual  physiological  processes  is  calculated  in  a  way  similar  to  that  of 
the  whole  total.  For  perennial  plants  the  temperatures  are  usually  reckoned  from 
the  first  of  January,  and  not  from  the  date  of  germination. 

Further  discussion  is  hardly  necessary  to  show  that  phaenology  cannot  lead  to 
exact  results.  Independently  of  the  arbitrary  nature  of  the  choice  of  the  degrees 
of  temperature  and  the  date  of  commencing  the  calculation,  this  theory  absolutely 
ignores  the  facts  that  degrees  of  temperature  are  not  physiologically  eqHivaleiit^t\\aX 
in  some  cases  35°  or  30°  are  less  favourable  than  25°  or  20",  but  resemble  in  their 
effects  10°  or  15° — that  different  organs  and  functions  require  very  different  amounts 
of  heat,  that  unfavourable  temperatures  cause  subsequent  inhibition,  and  that  other 
factors  besides  heat,  especially  humidity,  co-operate  and  intervene.  We  need  not, 
then,  be  surprised  if  there  is  very  little  accord  in  phaenological  observations,  and 
that  the  utmost  one  can  do  is  to  admit  their  having  a  certain  importance  for  purely 
descriptive  geographical  botany  in  the  characterization  of  certain  districts.  No 
importance,  on  the  other  hand,  need  be  assigned  to  the  theoretical  views,  nor  to  the 
sum  total  of  temperatures. 

Physiological  researches  regarding  the  influence  of  temperature  on  the 
vital  processes  of  plants  are  unfortunately  not  yet  numerous.  Particularly 
necessary  is  it  to  determine  the  extremes  of  temperature  and  the  optima 
of  plants  that  are  much  more  dependent  on  definite  conditions  of  heat  than 
are  most  of  the  types  already  investigated.  Information  on  these  points, 
for  instance,  does  not  exist  in  regard  to  the  tropics,  polar  zones,  or  alpine 
heights.  Only  on  the  basis  of  a  great  number  of  exact  data  can  we  hope 
to  gain  a  clearer  insight  into  the  connexion  between  temperature  and 
plant-life  in  different  climates.  The  few  observations  relating  to  the 
subject,  and  others  which  throughout  require  critical  confirmation,  are  given 
in  the  following  pages. 

^  See  Hoffmann,  op.  cit. 
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2.   ZERO  POINTS  OF  PLANT-LIFE. 

i.    LOWER  ZERO  POINTS   OF  PLANT-LIFE. 

The  different  capacity  of  different  species  to  withstand  low  temperatures 
is  well  known.  Thus  Molisch  found  that  a  number  of  tropical  plants  died 
of  cold  at  temperatures  of  +  2°  to  +5°C.,  while,  on  the  other  hand,  the 
flora  of  Yakutsk  and  Verkhoyansk  includes  a  couple  of  hundred  plants  that 
can  withstand  —  6o°  C.  In  fact,  different  plants  appear  capable  of  supporting 
the  freezino-  of  their  cell-sap  to  very  different  extents,  so  that  there  is 
a  stroncJ  selective  significance  attached  to  temperatures  slightly  less  than 
0°  C.  In  the  case  of  tropical  plants,  freezing  generally  means  freezing 
to  death,  whilst  the  plants  of  the  temperate  and  the  cold  zones,  at  any 
rate  perennials,  may  be  frozen  into  lumps  of  ice  without  dying.  In  such 
cases,  thawing  is  more  dangerous  than  freezing,  as,  if  it  proceeds  too 
rapidly,  it  kills  more  plants  or  plant-parts  than  the  most  intense  cold. 

Only  in  a  few  areas  are  the  climatic  conditions  such  that  the  vegetation  must  be 
able  to  endure  without  injury  a  repeated  succession  of  frosts  and  rapid  thaws. 
Thus  Kihlman  described  'the  extraordinary  power  of  withstanding  severe  and 
rapid  oscillations  of  temperature  and  thus  passing  the  freezing-point  several  times 
within  twenty-four  hours,  as  the  chief  characteristic'  of  the  stunted  vegetation  of 
the  tundras  in  Russian  Lapland.  Similar  conditions  prevail  in  very  high  mountain 
regions.  So  alpine  plants  above  the  level  of  perpetual  snow  in  the  Alps,  for  instance 
Ranunculus  glacialis  and  Gentiana  nivalis,  whilst  in  full  blossom,  pass  the  nights 
in  a  completelj'  frozen  state,  and  during  daytime  are  exposed  to  the  most  intense 
insolation. 

Microscopic  observation  of  frozen  plant-parts  shows  that  the  intercellular 
spaces,  normally  filled  with  air,  contain  ice-crystals,  which  were  formed  at 
the  expense  of  the  cell-sap  of  neighbouring  cells.  The  loss  of  water  thus 
occasioned,  in  very  many  cases,  may  be  regarded  as  the  cause  of  death,  since, 
as  Muller-Thurgau  has  shown,  it  would  also  cause  death  if  the  tempera- 
ture were  favourable.  But  apart  from  this,  as  may  be  inferred  from  ]Molisch's 
observations,  cold  exerts  a  directly  injurious  influence  on  the  protoplasm. 

Those  parts  of  plants  that  contain  little  water,  as  well  as  plants  that 
can  endure  great  drought  without  injury,  are  particularly  endowed  with 
the  power  of  withstanding  cold.  Thus,  in  some  experiments  made  by 
C.  de  Candolle  and  R.  Pictet,  certain  dry  seeds  were  exposed  to  a  tempera- 
ture of  —  8o°C.  without  any  injury  to  their  germinating  power,  whereas  seeds 
swollen  in  water  were  killed  by  temperatures  rnuch  nearer  to  the  freezing- 
point.  Spores  of  fungi  and  of  other  cryptogams  also  show  a  similar  power 
of  resistance  to  cold  ;  so  do  plants  whose  vegetative  organs  can  withstand 
a  high  degree  of  desiccation  without  injury. 

Death  from    cold  is  undoubtedly   in    very   many  cases   a   result  of  tlit 
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want  of  water,  and  not  of  tlic  low  icinpcratnrc.  H.  Mayr  '  states  quite 
correctly :  '  One  is  surprised  to  find  what  low  temperatures  a  wood}^  plant 
sheltered  from  the  wind  can  endure,  provided  the  air  is  fairly  moist  or 
transpiration  natural!)-  restricted,  as  is  the  case  under  dense  forest,  in  an 
insular  climate,  in  narrow  mountain-  or  river-valleys  ;  on  the  other  hand, 
most  plants  are  more  sen- 
sitive to  winter  frost  the 
drier  the  air  is  ;  nine-tenths 
ofthe  cases  reported  of  dam- 
age by  frost  during  winter 
are  really  phenomena  due 
to  desiccation,  owing  to  the 
interference  with  or  stop- 
page of  the  movement  of 
water  b\-  frost.  Thus  also 
perhaps  the  apparent  con- 
tradiction may  be  ex- 
plained, that  many  plants 
have  been  termed  '  hardy  ' 
in  a  notoriously  colder 
climate,  yet  are  considered 
'  tender  '  in  a  notoriously 
milder  one  ;  probably  the 
plants  in  the  former  lo- 
calities were  growing  in 
moister  air  or  were  shel- 
tered from  evaporation, 
while  the  tender  plants  of 
the  warmer  climate  had 
to  contend  against  both 
drought  and  frost.' 

Irrespective  of  seeds  and 
spores,  it  is  not  yet  known 
which  species  of  plants  are 
least  sensitive  to  frost  and 
what  degrees  of  cold  they  can  support  without  injury.  But  certain  observa- 
tions relating  to  arctic  plants  prove  that  the  degree  of  cold  may  be 
extraordinarily  low.  Thus  Kjellman,  who  as  botanist  accompanied  the 
'Vega'  expedition,  makes  the  following  .statement  regarding  Cochlearia 
fenestrata  (Fig.  37): 

'There  are  few  places  on  earth  where  tlie  winters  are  so  severe  as  the  spot  on 
which  the  "Vega"  expedition  passed  the  winter.    The  cold  was  very  persistent,  and 

*  H.  Mayr,  op.  cit.  p.  36S. 


Fig,  37.  Cochlearia  fenestrata  from  Pittlekaj.  A  plant 
that  hibernated  in  llower  and  continued  its  development 
after  winter  was  over.     Natural  size.     After^ Kjellman. 
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the  temperature  went  below  -46'  C.  The  individual  in  question  grew  on  the  top 
of  a  fairly  high  sand  hillock  near  Pittlekaj,  exposed  to  the  constant  and  cutting 
north  or  north-east  wind.  It  had  commenced  to  blossom  in  the  summer  of  1878, 
but  its  blossoming  was  far  from  being  completed  when  the  winter  came  on  and 
stopped  further  progress.  Its  system  of  flowers  consequentlj'  included  flower-buds 
in  various  stages  of  development,  recently  opened  flowers,  blown  flowers,  and  some 
more  or  less  ripened  fruits.  Only  an  insignificant  shrivelled  remnant  of  the  basal 
rosette  of  leaves  remained,  but  the  upper  leaves  were  fresh  and  vigorous.  In  this 
condition  the  plant  was  overtaken  by  winter,  and  exposed  to  its  utmost  rigour. 
We  might  well  believe  that  it  must  have  been  killed,  and  especially  that  the  tender 
flowering  parts  which  were  attacked  during  their  development  would  have  been 
destroyed  by  the  frost  and  so  prevented  from  developing  further.  This,  however, 
was  not  the  case.  When  the  summer  of  1879  began,  the  plant  continued  its  growth 
from  the  point  at  which  it  had  been  arrested  by  the  approach  of  winter  ;  the  flower- 
buds  opened,  and  from  the  axils  of  the  fresh  upper  stem-leaves  fresh  inflorescences 
sprouted  forth.' 

The  fact  that  the  coldest  known  places  on  the  earth  lie  within  the 
Siberian  forest-district  is  sufficient  to  prove,  in  the  first  place,  that  vegetative 
organs  can  endure  without  injury  temperatures  lower  than  those  observed 
by  Kjellman  ;  and,  in  the  second  place,  contrary  to  a  widespread  but 
unsupported  view,  that  tree-growth  is  by  no  means  excluded  by  prolonged 
and  severe  winter-temperatures.  Within  the  district  just  mentioned  is 
included,  for  instance,  Yakutsk,  where  the  thermometer  not  infrequently 
sinks  to  -  62°  C,  and  Verkhoyansk,  which  is,  if  possible,  still  colder.  Details 
concerning  the  temperature  of  the  latter  place  are  given  in  the  following 
table 
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terrestrial  vegetation  in  the  antarctic  polar  zones  is  not  due  to  an 
absolutely  greater  cold  there— for  the  thermometer  docs  not  fall  so  low 
as  in  the  north  polar  zones— but  to  the  fact  that  the  temperature 
remains  low,  and  almost  constantly  under  the  minimum  of  the  essential 
functions. 

Kjellman  was  impressed  with  the  fact  that  contrivances  which  might  be 
considered  as  protective  against  cold  are  wanting  in  many  arctic  plants,  for 
instance  in  the  above-mentioned  Cochlearia  fenestrata.  Indeed,  it  appeared 
to  him  that  polar  vegetation  is  externally  no  better  protected  against  cold 
than  that  of  temperate  zones.  We  may  expand  this  statement  and  say : 
Our  present  poii'crs  of  investigation  do  not  enable  us  to  reeognise  in  plants 
any  special  protective  means  against  cold.  The  capacity  of  withstanding 
intense  cold  is  a  specific  property  of  the  protoplasm  of  certain  plants,  and 
is  quite  unassisted  by  protective  means  that  are  external,  that  is  to  say, 
outside  the  micellae  of  the  protoplasm.  In  Central  Europe  the  absence  of 
external  protective  means  against  the  cold  may  also  be  demonstrated ; 
it  is  sufficient  to  look  at  any  meadow  or  field  during  a  frost.  There  we 
can  find  such  delicate  plants  as  Bellis  perennis,  Stellaria  media,  and  the 
like,  frozen  hard  and  brittle  as  glass.  These  plants  are  exposed,  quite  naked 
as  it  were,  to  the  inclemency  of  the  weather,  and  not  protected  against 
the  attacks  of  frost  by  any  hairy  tomentum,  by  any  corky  integument, 
not  even  by  a  thick  cuticle.  When  the  thaw  comes,  the  plants  continue 
to  grow  undisturbed.  They  are  quite  hardy  in  relation  to  any  degree  of 
cold  that  we  experience. 

Yet  protective  means  against  cold  have  been  ascribed  to  many  woody 
plants.  Bud-scales,  corky  integuments,  the  thick  cuticle  of  evergreen 
leaves,  were  formerly  described  as  such.  But  these  are  actually  protective 
means  against  drought,  as  has  been  shown  in  the  preceding  chapter.  A  cold 
soil,  and  especially  a  frozen  one,  is,  as  we  already  know,  physiologically 
dry,  so  that  any  plant  rooted  in  it  requires  protection  against  transpiration. 
Shallow-rooted  low  herbaceous  plants  are  subjected  to  approximately 
the  same  fluctuations  of  temperature  as  the  soil  on  which  they  grow,  and 
are  therefore  less  exposed  to  danger  from  desiccation  than  are  deeply 
rooted  tall  woody  plants  ;  they  are  therefore  relatively  unprotected. 

It  has  often  been  stated  that  fatty  oil  may,  in  certain  cases,  be  considered  as 
aprotection  against  cold.  Hence  the  phenomenon,  which  will  be  discussed  further 
on,  of  the  conversion  during  winter  of  starch  into  oil,  is  commoner  in  our  northern 
species  of  trees  than  in  trees  that  are  more  sensitive  to  cold  (A.  Fischer).  Seeds 
swollen  in  water  are  stated  to  withstand  low  temperatures  better  when  they  are 
rich  In  oil  than  when  they  are  poor  in  oil.  In  such  cases,  however,  we  are  dealing 
with  mere  conjectures,  which  lack  any  experimental  basis,  and  seem  to  be  con- 
tradicted by  other  phenomena. 
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ii.     THE    UPPER  ZERO  POINT  OF  PLANT-LIFE. 

The  power  that  plants  possess  of  resisting  heat,  like  that  of  resisting 
cold,  varies  with  the  species,  but  not  nearly  to  so  great  an  extent.  Some 
plants  and  plant-parts,  however,  are  remarkable  for  an  extraordinary  power 
of  resisting  high  temperatures  ;  and  this  power,  like  that  of  enduring  low 
degrees  of  temperature,  is  generally  coupled  with  an  ability  to  withstand 
desiccation.  Thus,  for  killing  the  resting-spores  of  certain  Schizomycetes, 
a  prolonged  heating  at  130'  C.  is  necessary.  Air-dried  yeast  is  killed  only 
at  from  115°  to  I20°C.  Air-dried  seeds  often  at  only  75°  C.  lose  their 
germinating  power,  whereas  w-hen  thoroughly  dried  they  can  withstand  100°, 
and  even  for  a  short  time  120°  C. 

Plants  which  are  in  an  active  condition,  and  therefore  contain  much  water, 
possess  a  much  smaller  power  of  resistance  to  heat  than  when  they  are 
in  a  resting  state,  in  which  they  contain  less  water.  Here  again  bacteria^ 
withstand  the  highest  degrees  of  heat,  especially  the  bacillus  of  anthrax, 
which  does  not  lose  its  infectious  qualities  even  after  prolonged  heating 
at  75°-8o°  C,  whereas  many  other  vegetative  forms  of  bacteria  are  killed 
by  prolonged  heating  at  45°-5o°  C.  Vascular  cryptogams  in  a  vegetative 
condition  perish  in  a  short  time  when  exposed  to  a  temperature  of  50°-5 1'  C, 
as  was  shown  by  Sachs  and  by  H.  de  Vries  ;  Jumelle  found  by  experiment 
that  Cocos  Weddelliana,  Begonia  tuberosa,  Pelargonium  zonale  withstand  1 
uninjured  a  long  exposure  to  a  temperature  of  35°  C,  but  a  rise  in  the 
temperature  to  40°  for  a  few  days,  or  to  45°  for  a  few  hours,  was  fatal.  ' 

Sachs'-  experiments  with  Nicotiana  rustica,  Cucurbita  Pepo,  Zea  Mays,  Mimosa 
pudica,  Tropaeolum  majus,  Brassica  Napus— chiefly  therefore  with  plants  from 
warmer  zones— showed  that  none  of  these  plants,  when  in  contact  with  the  air, 
endured  a  temperature  of  more  than  51°  C,  even  for  ten  minutes  only,  without  ^ 
serious  injury  or  death,  but  they  withstood  temperatures  of  49°-5i''  for  ten  minutes  I 
and  even  longer.  On  the  other  hand,  organs  that  had  successfully  withstood 
the  latter  temperatures  in  the  air,  when  placed  in  contact  with  water  of  the  same 
temperatures,  were  killed  within  ten  minutes ;  the  highest  endurable  degree  of 
temperature  for  the  same  organs  is  therefore  lower  in  water  than  in  air. 

If  we  compare  natural  conditions  with  experimental  results,  we  find  only 
at  a  few  places  of  limited  area,  such  as  the  craters  and  fumaroles  of  active 
volcanoes,  that  vegetation  is  entirely  wanting  because  the  temperature  is 
too  high. 

Bacteria  and  Schizophyceae  are  the  most  resistant  of  all  aquatic  plants, 
and  also  the  first  to  appear  in  hot  springs.  '  In  a  hot  spring  at  Las 
Trincheras  in  Venezuela,  the  temperature  of  which  at  its  source  is  85°-93°, 
Schizophyceae  are  stated  to  thrive  at  a  temperature  over  80°  C.     On  the 

'  Rabinowitsch,  op.  cit.  2  Sachs,  Ges.  Abhandl.,  Bd.  I,  p.  216. 
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other  hand,  in  European  warm  springs  they  appear  only  after  the  water 
has  become  much  cooler — according  to  Agardh  and  Pfeffer,  in  the  hot 
springs  at  Carlsbad  only  when  the  temperature  is  down  to  57° ;  according 
to  Hoppe-Seyler,  on  the  edge  of  fumaroles  in  water-vapour  at  about  60°  C. 
I  myself  saw  in  Java,  on  the  edge  of  fumaroles,  even  plants  of  a  high 
order,  such  as  Rhododendron  javanicum,  flourishing  vigorously  in  hot 
vapour  ;  but  I  can  give  no  accurate  details  in  regard  to  the  indubitably 
high  temperatures  prevailing  there. 

Under  the  influence  of  the  sun's  rays  the  temperature  of  the  superficial 
layers  of  soil  in  deserts  attains  a  height  which  approaches  the  upper  limits 
for  all  plant-life,  and  is  endured  only  by  those  parts  that  are  poor  in  water. 
Kerner  says  : 

The  crustaceous  lichens,  which  adhere  to  the  limestone  rocks  on  the  shadeless 
desert  of  Karst  in  Istria  and  Dalmatia,  are  on  cloudless  days  in  summer  constantly 
exposed  for  many  hours  to  a  temperature  of  58°-6o°  C.  without  suffering  any 
consequent  injur}',  and  the  manna  lichen  (Lecanora  esculenta),  as  well  as  the  rock 
to  which  it  is  attached  in  the  desert,  is  often  heated  up  to  70°  C.  without  perishing. 
In  addition,  seeds  that  are  embedded  superficially  in  the  desert  sand,  and  there  live 
through  the  long  period  of  drought,  certainly  assume  the  temperature  of  their 
surroundings,  which  at  midday  is  regularly  60^-70°  C.  The  highest  temperature 
in  superficial  layers  of  soil  has  been  observed  near  the  Equator  at  the  station 
Chinchosho  on  the  Loango  coast.  In  very  many  cases  it  exceeded  75°,  often  reached 
80',  and  once  even  84°  C.  Even  in  this  soil,  annuals  were  not  wanting  during  the 
rainy  season.' 

Pechuel-Losche '  records  a  temperature  of  69°  C.  in  the  sand  of  the  seashore 
on  the  Loango  coast,  close  to  an  Ipomoea  in  full  flower. 

Even  air-temperatures  scarcely  lower  than  those  of  hot  springs  have 
been  observed  in  countries  in  nowise  destitute  of  vegetation.  Thus  the 
absolute  maxima  given  by  Blandford  -  for  the  year  1879  in  India  are  for 
Calcutta  41-1",  Benares  47-8°,  Lahore  50-9°,  Multan  52-8°  C.  As  Hann, 
from  whose  Climatology  these  figures  are  taken,  states,  air-temperatures 
of  50°  C.  are  not  rare  in  the  Punjab,  even  when  the  thermometer  is 
properly  set  ^.  With  such  air-temperatures  in  the  shade,  parts  of  plants 
exposed  to  the  sun's  rays  have  to  bear  heating  up  to  6o°-70°  C,  which  is 
a  much  more  considerable  degree  of  heat  than  the  upper  zero  previously 
obser\'ed.  Thus  Askenasy  observed  that  with  a  temperature  of  28  C.  in 
the  shade  the  leaves  of  Sempervivum  alpinum  exposed  to  the  sun  attained 
a  temperature  of  52°  C.  Such  differences  between  the  temperatures  in 
the  sun  and  in  the  shade  are  exhibited  certainly  by  succulent  plants 
alone,  for  the  same  observer  found  that  the  leaves  of  Gentiana   cruciata, 

'  Pechuel-Losche,  op.  cit.  p.  65. 

^  Blandford,  Meteorology  of  India.     Calcutta,  1881. 

''  Hann,  Handb.  der  KHmatologie,  ed.  i,  p.  265. 
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exposed    to  the  sun's  rays  at  the    same    time,  were   heated    only    up   to 

35°  C. 

Whilst  awaiting  further  investigation,  it  appears  to  result  from  the  facts 
recorded  above  that  the  power  of  enduring  high  temperatures,  like  that  ofj 
withstanding  cold,  varies  more  considerably  in  the  different  species  than  is 
<Tenerally  supposed.     The   maximum    temperatures    determined  by  Sachs 
cannot  hold  for  plants  living  in  extreme  climates. 

Protective  means  for  the  prevention  of  overheating  have  up  to  the 
present  time  been  no  better  demonstrated  than  have  means  for  the  preven- 
tion of  overcooling.  The  subaerial  parts  of  plants  in  very  hot  regions, 
being  exposed  to  the  danger  of  desiccation,  in  most  cases  are  protected 
against  transpiration,  and  are  thereby  deprived  of  the  most  important  means 
for  keeping  the  temperature  down,  as  is  proved  by  the  high  temperatures 
attained  by  succulent  plants  exposed  to  the  sun.  Many  plants,  however, 
escape  from  the  injurious  effects  of  such  high  temperatures  by  leading  an 
exclusively  subterranean  life  during  the  period  of  their  prevalence.  This, 
however,  is  by  no  means  true  of  all  species  of  plants. 


3.  THE  CARDINAL  POINTS  OF  THE  FUNCTIONS 
OF  PLANTS. 

The  life  of  a  plant  is  made  up  of  thousands  of  separate  actions,  each  oP 
which  is  performed  within  its  own  ranges  of  temperature,  and  exhibits 
its  own  optimum  temperature.  In  most  habitats — except  those  which  are 
generally  very  unfavourable  to  plant-life — such  plants  alone  can  succeed  in  thei 
struggle  for  existence  as  have  their  functions  in  a  state  of  equilibrium  thati 
corresponds  to  the  external  conditions  :  this  condition  of  equilibrium  i; 
termed  the  oecological  optimum.  This  total  optimum  is  not  deducible  fromi 
the  separate  optima  of  all  the  functions  taken  collectively  ;  indeed  many 
functions,  such  as  respiration  or  transpiration,  when  intensely  active,  are 
injurious  to  the  plant.  In  regard  to  every  function  we  must  discriminattj 
between  the  absolute  optimum,  which  corresponds  to  the  higliest  intcnsit} 
of  a  function,  and  the  harmonic  optimum,  which  corresponds  to  its  mos 
favourable  intensity.  The  oecological  optimum  is  composed  of  the  harmonii 
optima. 

A  knowledge  of  the  extreme  temperatures  of  a  function  is  more  im 
portant,  in  geographical  botany,  than  is  that  of  the  absolute  optimum 
which  it  is  often  difficult  to  ascertain,  and  which  is  often  somewhat  devoic 
of  significance  as  regards  the  natural  conditions  of  life.  The  absoluti 
optimum  is  important  in  geographical  botany  only  when  it  nearly  coincide 
with  the  harm.onic  optimum,  as  it  does,  for  example,  for  assimilation  anc 
other  processes  of  nutrition. 


Chap.  Ill  "EAT  45 

The  corresponding  cardinal  points,  particularly  the  optima  of  the 
individual  functions,  differ  from  one  another  only  by  a  few  degrees  or 
fractions  of  a  degree  in  the  case  of  plants  of  an  equable  climate,  whereas 
they  may  differ  greatly  from  one  another  in  regions  with  extreme 
temperatures.  Indeed,  it  may  happen  in  such  climates  that  the  curves  of 
temperature  of  definite  functions  do  not  touch  those  of  others.  Long  ago 
the  practical  experienced  man  grasped  these  facts,  which  were  ignored  by 
phaenologists,  and  now  he  rears  tropical  plants  at  a  uniformly  high 
temperature,  but  temperate  plants  at  temperatures  alternately  high 
and  low. 

The  oecological  opthiunn  tcmpcralure  docs  not  reiiiain  constant  during 
the  whole  development  of  a  plant — at  least  in  temperate  regions — but,  as 
Sachs'  investigations  prove,  shows  a  rise  as  development  proceeds,  so  that, 
for  instance,  the  temperature  which  is  most  favourable  for  the  processes  of 
germination  does  not  reach  the  optimum  for  succeeding  functions.  We  learn 
too  from  the  art  of  fruit-forcing  that  we  must  regard  the  rise  not  as  constant, 
but  as  oscillating.  Though  the  harmonic  optimum  temperature  for  the 
successive  stages  of  development  is  alternately  higher  and  lower,  the  main 
curve  nevertheless  shows  a  marked  rise.  Very  instructive  in  this  connexion 
is  the  following  table,  prepared  by  the  horticulturist  Pynaert,  showing  the 
most  favourable  temperatures  (oecological  optima)  in  forcing  the  peach-tree  : 


OECOLOGICAL   OPTIMA 

IN    THE 

FORCING    OF 

THE    PEACH-TREE 

(after  Pynaert). 

Day  temperature. 

Night  temperature. 

First  week 

. 

9-10^0. 

5-7°  C. 

Second  week 

. 

IO-12 

7-7 

Third  week 

12-15 

9-1 1 

To  flowering 

15-18 

11-14 

At  flowering 

8-12! 

6-10: 

After  flowering  . 

15-18 

11-14 

During  stoning  . 

.         12-15! 

9-1 1  ! 

After  stoning 

16-19 

12-15 

At  fruit-ripening 

20-22 

15-17 

Up  to  the  present  time  only  a  few  satisfactory  investigations  have  been 
made  to  fix  the  cardinal  points  of  the  individual  functions.  The  most 
jthorough-going  of  the  available  experiments  concern  germination,  a  process 
jmade  up  of  various  distinct  processes,  such  as  swelling,  the  actions  of 
ferments,  transport  of  plastic  material,  generation  of  energy,  cell-division, 
cell-growth,  &c.,  each  of  which  possesses  its  own  cardinal  points.  The  data 
which  have  been  fixed  in  reference  to  germination  are  therefore  not  very 
valuable  from  a  purelj^  physiological  point  of  view,  but  this  complexity 
does  not  impair  their  value  in  relation  to  oecology  and  geographical  botany, 
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which  are  chiefly  concerned  with  the  oecological  optimum.    As  an  example, 
the  following  tabular  statement  prepared  by  Detmer '  is  here  reproduced  : 


CARDINAL    POINTS   OF    GERMINATION    (after  Detmer). 

Minimum.  Optimum.  Maximum. 

7-S°C.  27°  C.  34"  C. 

5  *  287  42-5 

9-S  33-7  46-2 

7-8  24  36 

1-8*  21  28 

1-8  21  28 

9-5  337  46-2 

9  28  36 

.      137  337  46-2 

*  Figures  too  high. 


Pinus  sylvestris    . 
Triticum  vulgare. 
Zea  Mays     . 
AInus  glutinosa    . 
Lepidium  sativum 
Linum  usitatissimum 
Phaseolus  multiflorus 
Gleditschia  triacantho 
Cucurbita  Pepo    . 


This  table  shows  very  clearly  that  the  cardinal  points  of  germination  are 
higher  for  plants  from  warm  countries  than  for  those  from  cold  ones.  Bui 
these  figures  are  too  high  in  some  cases,  and  by  no  means  properly  repre 
sent  the  great  inequality  of  temperatures  which  are  effective  during  germina 
tion  in  different  climates,  for,  on  the  one  hand,  they  do  not  deal  with  an) 
purely  tropical  plants,  and,  on  the  other  hand,  some  of  the  minima  fo 
temperate  plants  are  too  high.  The  degrees  of  temperature  given  for  the 
minima  by  F.  Haberlandt  are  more  instructive.  Sinapis  alba,  Camelin; 
dentata,  Trifolium  hybridum,  and  Medicago  sativa  not  only  germinatec 
between  0°  and  1°  C,  but  also  made  considerable  further  progress  ii 
development.  Of  plants  from  hot  countries,  Solanum  Melongena,  Nicotian; 
Tabacum,  and  Cucurbita  Pepo  germinated  between  11°  and  16°  C,  bu 
Cucumis  sativa,  C.  Melo,  and  Theobroma  Cacao  only  above  16°  C.  Ulotl 
observed  the  germination  of  several  grasses,  Cruciferae  and  Papilionacea( 
at  0°  C,  but  the  process  was  very  protracted.  Kerner  placed  glass  tube 
containing  earth  and  seeds  in  a  sprirtg,  the  temperature  of  which  remainei 
constant  at  2°  C,  and  he  found  that  numerous  alpine  plants  germinate 
even  at  this  low  temperature. 

Growth  depends  on  conditions  of  temperature  similar  to  those  require 
for  germination,  which  partially  consists  of  processes  of  growth.  Ther 
are  plants  on  alpine  heights,  but  especially  in  the  polar  regions,  that  caj 
grow  considerably  at  a  temperature  approaching  the  freezing-point.  Thu 
the  flowers  of  Soldanella  alpina  break  through  the  snow,  and  those  c 
Anemone  vernalis,  Crocus  vernus,  and  other  species  appeared  to  me  t 
be  quite  as  accommodating,  as  I  found  theni  in  half-melted  snow ;  bt 
owing  to  direct  insolation,  even  through  thin  layers  of  snow,  a  highe 
temperature  than  0°  C.  may  be  reached  in  such  cases.     Even  more  remark 

'  Lehrb.  d.  Pflanzenphysiol.,  p.  269. 
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able  are  the  seaweeds  of  arctic  seas,  for  in  water  whose  summer  temperature 
only  slightly  exceeds  o°,  they  attain  a  length  up  to  20  meters  ;  in  winter, 
however  at  a  temperature  never  exceeding  —1°  C,  they  produce  their  sexual 
organs.  Among  plants  growing  at  very  low  temperatures  are  the  lower 
or£;anisms  of  the  snow-  and  ice-flora,  which  have  been  carefully  studied 
by  W'ittrock. 

Assiiiu/iitiou  and  respiration  are  functions  much  less  complex  than 
termination  and  growth,  and  are  consequently  more  readily  comparable  in 
the  different  species  of  plants  ;  it  therefore  appears  strange  that  so  little 
attention  has  as  yet  been  bestowed  on  the  temperature  of  assimilation 
in  particular.  The  well-established  fact  that  the  two  forms  of  gaseous 
interchange  exhibit  remarkably  dissimilar  temperature-curves  is  of  great 
interest.  The  lower  zero  point  for  assimilation  is  lower  than  that  for  any 
other  function  of  the  plant.  Thus  Jumelle  could  observe  a  distinct  though 
weak  assimilation  in  Abies  excelsa,  Juniperus  communis,  and  Evernia 
prunastri.  even  at  —40°  C.  ;  Boussingault  and  Kreuslerhad  already  observed 
assimilation  at  about  0°  C.  According  to  the  few  observations  available, 
the  maximum  is  slightly  below  the  lethal  temperature,  but  the  optimum  is 
considerably  lower.  Heinrich  places  the  cardinal  points  in  question  for 
Hottonia  at  about  31°  and  56°  C,  whilst  according  to  Bohm  the  optimum 
for  the  walnut  may  be  about  30'.  Jumelle  could  not  observe  any  distinct 
respiration  below  —10°  C.  in  Abies  excelsa,  Juniperus  communis,  or 
Evernia  prunastri,  although  these  plants  continued  to  assimilate  distinctly 
at  much  lower  temperatures.  On  the  other  hand,  respiration  increases 
in  proportion  to  the  temperature  up  to  nearly  the  higher  limit  of  plant- 
life.  Thus,  for  instance,  Rischawi  found  in  wheat-seedlings  the  following 
relationship  between  temperature  and  the  amount  of  carbon  dioxide 
expired : 

RELATION  BETWEEN   TEMPERATURE    AND    EXPIRATION    OF    CO, 

(after  Rischawi). 
At  5°  C 3-3°  "igr-  of  CO, 

10° 5-28  ..  !I 

2S° 17-82      „  „ 

35° 28-38      „  „ 

40° 37-60      „  „ 

For  the  functions  and  aggregates  of  functions  just  mentioned,  the  optima 
lie  among  the  high  temperatures.  There  are,  however,  certain  physiological 
processes  for  which  not  only  the  optima,  but  also  the  upper  zeros  are 
so  low  that,  as  a  rule,  they  can  take  place  only  in  winter,  late  autumn, 
or  early  spring.  Obviously  this  concerns  plants  of  temperate  and  higher 
latitudes  alone,  whilst  ti'opical  plants  exclusivel}-  require  high  cardinal 
points. 
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The  category  of  functions  tliat  arc  active  at  loiv  temperatiues  only 
includes  among  others  the  obscure  processes  which  are  fermentative  in 
nature,  according  to  Sachs'  hypothesis,  and  which  awaken  into  activity 
hibernating  parts  of  plants ;  among  such  processes  may  be  cited  the 
conversion  of  starch  into  fatty  oil  and  the  reverse.  The  chapter  on  Periodic 
Phenomena  in  Temperate  Regions  will  include  a  full  account  of  what  is 
known  in  regard  to  this  subject.  Erikson  has  shown  that,  in  like  manner, 
the  germinating  power  of  certain  fungus-spores  is  markedly  increased  by 
cooling  them  down  nearly  to  zero  ;  according  to  F.  Haberlandt,  a  similar 
result  follows  on  cooling  down  swollen  flax-seeds  for  several  days. 

Certain  movements  due  to  stimuli,  such  as  those  of  the  chlorophj'U- 
corpuscles,  are  arrested  by  low  temperatures.  The  needles  of  certain  species 
of  Pinus  at  a  low  temperature  become  adpressed  to  the  axes.  Many  sub- 
stances are  produced  during  cold  weather  ;  for  example,  the  red  drops 
of  oil  that  cause  the  brown  winter-colour  of  many  conifers.  The  list  of  the 
functions  of  plants  that  are  called  into  action  at  low  temperatures  only 
could  yet  be  considerably  increased.  But  only  one  more  of  them  will 
be  mentioned  here,  on  account  of  its  great  importance  in  geographical 
botany. 

Low  temperatures jMrLa favourable  influence  onjhe  sextialorgcuis  and  on 
the  parts  oecologically  connected  with  them  (perianths,  inflorescence-axes) 
///  many  plants  of  the  temperate  and  frigid  zones.  The  cardinal  degrees 
for  the  growth — and  perhaps  for  the  inception — of  the  primordia  of  flowers 
are  often  much  lower  than  for  the  growth  of  vegetative  shoots,  so  that  the 
former  are  favoured  by  a  relatively  lower  temperature,  and  the  latter 
by  a  higher  temperature,  during  development.  It  is  well  known  that 
Crocus,  Hyacinthus,  and  other  perennial  herbs  do  not  send  out  flowers 
or  inflorescences  at  a  high  temperature,  but  shoot  out  luxuriantly  into  leaf 
Also  in  the  forcing  of  fruit-trees  the  temperature  must  be  kept  moderate] 
before,  and  especially  during,  the  blossoming  period.  For  the  same  reason 
many  temperate  plants  seldom  blossom  in  the  tropics  ;  for  example,  most  of 
our  fruit-trees.  Fritz  Mliller  observed  at  Blumenau  that  various  European 
herbs  never,  or  hardly  ever,  blossomed  ;  amongst  them  were  Carum  Carui, 
cabbage,  turnips,  parsley,  and  celery.  Echium  vulgare  blossomed  in  his 
garden  only  once  after  an  exceptionally  cold  winter.  Kurz  found  in  the 
mountains  of  Burmah  that  increased  coolness  due  to  increased  altitude 
expedited  the  blossoming  of  temperate  plants  such  as  Rhododendron  and 
Gentiana,  but  delayed  that  of  tropical  ones.  It  has  been  already  stated 
that  seaweeds  fructify  during  winter  in  the  arctic  seas.  Several  other 
isolated  observations  of  the  kind  might  be  cited.  Consistent,  thorough, 
and  cornprehensive  research  is,  however,  altogether  wanting  on  this  question, 
which  is  extremely  important  in  geographical  botany. 
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4.   ACCLIMATIZATION. 

The  absolute  extremes  of  temperature  of  plant-life  are  constant  for 
ndividual  species,  but  tite  cardinal  points  vary  for  the  separate  fnnctions 
■ccording  to  climatic  conditions  ;  they  are  susceptible  of  a  limited  displacc- 
iient,  either  upwards  or  downwards,  so  that  a  plant  when  transferred  from 
ne  climate  to  another  with  a  different  temperature  may,  provided  the 
ittcr  climate  is  not  too  dissimilar,  often  adapt  itself  to  its  new  environment 
lid  become  acclimatized.  The  possibility  of  acclimatization  always  varies 
■ith  the  species ;  in  some  it  appears  to  be  unlimited  under  natural 
onditions,  while  in  others  it  takes  place  only  within  very  narrow  limits. 
."omplete  acclimatization  is  therefore  only  possible  when  all  the  cardinal 
oints  change  in  harmony  with  the  new  temperatures.  If  this  is  not  the 
ase,  or  not  sufficiently  so  for  certain  functions,  acclimatization  is  confined 

0  definite  processes,  and  the  plant  either  is  not  capable  of  existing  or  does 
ot  develop  completely.  It  has  already  been  mentioned  that  many 
emperate  cultivated  plants  exhibit  vigorous  vegetative  growth  in  the 
ropics,  whereas  they  blossom  but  seldom  ;  in  such  cases,  the  cardinal 
oints  for  the  growth  of  flowers,  and  perhaps  also  for  their  inception, 
re  either  not  raised  or  not  raised  sufiiciently.  On  the  other  hand,  many 
lants  from  the  warm  zones  do  not  produce  flower  or  fruit  in  colder 
ountries,  because  the  minimum  temperature  necessary  for  their  production 
i  not  attained. 

A  plant  may  be  cultivated  and,  as  observations  in  the  polar  zones  and 

1  the  Alps  show,  in  cases  of  rich  vegetative  propagation,  even  exist  in 
le  wild  state,  without  producing  seed.  If,  however,  the  cardinal  points 
)r  such  indispensable  functions  as  germination,  growth,  nutrition,  and 
3  forth  in  a  new  climate  have  not  been  correspondingly  displaced  down- 
■ards  or  upwards,  then  the  continued  existence  of  the  plant  is  obviously 
npossible. 

If  we  compare  individuals  of  the  same  species  in  climates  of  different 
:mperatures,  we  soon  become  convinced  that  certain  functions  in  hot 
limates  are  associated  with  higher  temperatures  than  in  cold  climates, 
he  cardinal  points  of  temperature  are  therefore  not  the  same  everywhere, 
'he  difference  is  first  of  all   hereditary,  so  that,  for  instance,  seeds  from 

cold  climate  germinate  in  a  warmer  one  for  some  years  at  lower  tempera- 
-ires  than  do  seeds  of  the  same  species  that  have  been  produced  in  this 
armer  zone,  and  the  plants  developing  from  them  grow  more  quickly. 
'Ut  soon,  however,  owing  to  a  gradual  upward  displacement  of  the  cardinal 
oints,  this  difference  disappears.  The  reverse  takes  place  when  the 
ansference  is  from  a  warmer  to  a  colder  zone. 

'  In  the  year  1852,  maize  for  poultry  (from  Hohenheiin  near  Stuttgart)  was 
arvested  on   September  22,   120   days   after  the   sowing.   .  .  .  This  maize  year 
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after  year  ripened  more  and  more  rapidly,  so  that  in  1857  it  was  harvested  90  days 
after  sowing.  Seed  of  the  same  maize  from  Breslau,  sown  in  the  same  bed  and 
at  the  same  time  as  the  former,  took  122  days  to  ripen  \' 

Twicrs  of  woody  plants  behave  in  the  same  way  as  seeds.  A.  de  CandoUe 
kept  twigs  of  Popukis  alba,  Carpinus  Betulus,  Catalpa  bignonioides,  and 
Liriodendron  Tulipifera,  some  of  which  had  grown  in  Montpellier  and  others 
in  Geneva,  from  February  4  onwards,  in  a  frame,  the  temperature  of  which 
varied  between  7"  and  jo°  C.  The  twigs  from  Geneva  produced  leaves 
earlier  than  those  from  Montpellier. 

By  means  of  such  observations  as  these  the  existence  of  a  hmitec 
acchmatization  has  been  demonstrated  beyond  doubt.  More  extendec 
and  exact  investigations  are  necessary  to  determine  the  amplitude  of  tht 
possible  oscillations  of  the  several  cardinal  points. 

In  regard  to  the  acclimatization  of  important  forest  trees  in  Europe 
North  America,  and  Japan,  H.  Mayr  -  has  collected  information,  whidj 
may  claim  wide  interest  as  bearing  upon  the  general  question  of  naturaliza' 
tion.  According  to  this  evidence  most  woody  species  enjoy  good  healtl 
when  they  are  transferred  to  a  climate  slightly  zvarvicr  than  that  of  thei 
native  home.     He  says : — 

'  Broad-leaved  trees  easily  adapt  themselves  to  a  warmer  climate  b}-  prolongin; 
their  whole  course  of  development ;  our  native  oak  (Quercus  pedunculata)  whei 
brought  from  its  moderately  warm  home  into  the  climatically  allied  region  of  th 
subtropical  zone,  for  example  into  California,  at  first  grows  very  fast,  and  in  th 
similar  climatic  zone  of  Australia  attains  a  height  of  7  meters  in  nine  years.  Japanes 
oaks  (Quercus  glandulifera  and  serrata)  used  for  charcoal-making  are  extensive! 
grown  as  coppice  in  the  subtropical  area  of  Japan,  where  in  eight  years  the 
become  as  tall  as  in  fifteen  years  in  their  own  home.  Paulownia  imperialis,  rar 
specimens  of  which  grow  well  in  the  warm  deciduous  mountain  forests  of  Japar 
is  cultivated  for  the  sake  of  its  wood  in  the  subtropical  region,  where  in  virtue  of  it 
extraordinarily  rapid  growth  it  produces  a  verj'  light  wood,  which  neither  warps  nc 
shrinks.  The  tree  repays  cultivation  better  in  the  latter  place  than  in  its  own  honu 
but  it  is  already  exhausted  after  twenty  years,  becomes  hollow  and  dies,  whereas  i 
its  home,  until  recently,  trees  6-7  meters  in  girth  and  48  meters  up  to  the  crow 
were  not  rare. 

'  In  the  same  way,  plants  transferred  from  subtropical  zones  into  the  tropii 
exhibit  an  increased  power  of  growth  in  the  first  decades.  The  Japanese  camphoi 
tree,  for  instance,  belongs  to  the  subtropical  zone  of  evergreens ;  in  the  tropin 
of  India  and  Java  it  grows  remarkably  fast ;  its  vigour  of  growth  causes  the  stei 
to  divide  into  innumerable  strong  branches,  so  that  the  tree  loses  its  ancestral  forr 
It  is  very  probable  that,  owing  to  this  accelerated  growth  during  youth,  an  earlit 
consumption  of  vitality  and  an  earher  natural  death  is  brought  about :  for  remar! 
ably  early  and  excessive  production  of  seed  characterizes  all  kinds  of  woody  specit 

Schuebeler,  op.  cit.,  p.  So.    Many  cases  of  expedited  or  delayed  development  are  gi\t 
by  H.  Hoffmann.  --  h.  Mayr,  op.  cit.,  pp.  365-368. 
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that  are  placed  in  such  circumstances.  If  in  introducing  a  woody  species  a  zone  of 
vegetation  is  entirely  passed  over,  as  when  deciduous  broad-leaved  trees  are  brought 
into  the  tropics,  they  grow  so  feebly,  according  to  experience  derived  from  India 
and   Java,  that  we  must  describe  them  as  incapable  of  cultivation  '.' 

According  to  Mayr,  'Conifers  appear  to  adapt  themselves  to  a  new  climate  with 
more  difficulty  than  broad-leaved  trees.  Thus  the  conifers  of  the  cool  area,  firs, 
spruces  and  larches,  whether  European  or  Japanese,  are  so  arrested  in  growth  in 
the  subtropical  area,  becoming  bush-headed  and  branchy,  that  they  can  hardlj' 
be  considered  capable  of  cultivation  there. 

'The  transference  from  a  warmer  to  a  cooler  zone  usually  yields  unfavourable 
results:  all  woody  species  when  brought  from  their  home— by  which  is  meant  area 
of  distribution— into  a  cooler  area,  lose  their  importance  as  cultivated  plants,  at  any 
rate  from  a  sylvicultural  point  of  view,  owing  to  injuries  of  all  kinds,  absence 
or  rarity  of  ripe  fruits,  production  of  wood  of  little  value,  and  so  on. 

'  In  the  warm  subtropical  coasts  of  South  California  all  kinds  of  palms  and  trees 
from  the  tropical  area  may  be  cultivated,  but  only  for  ornamental  purposes,  as  they 
mature  no  fruits.  .  .  . 

'  In  this  transference  to  a  cooler  climate  some  remarkable  phenomena  are  often 
encountered ;  woody  species  become  sensitive  to  frost,  a  condition  not  to  be 
expected,  judging  from  their  native  habitat ;  others  prove  to  be  hardy  in  relation  to 
frost,  though,  in  their  home,  they  could  not  have  occasion  to  defend  themselves 
against  it. 

'  It  is  well  known  that  plants  are  much  less  susceptible  to  frost  during  their 
winter  rest  than  during  the  vegetative  season  in  spring  and  autumn ;  we  see  from 
their  behaviour  in  relation  to  late  and  early  frosts  how  difficult  it  is  for  a  plant 
to  adapt  itself  to  a  colder  climate ;  many  species  seem  to  find  it  quite  impossible 
either  to  delay  the  commencement  of  their  development  or  to  hasten  its  termination, 
in  other  words  to  become  frost-hardy.  Gleditschia  and  Robin  ia  are  natives  of  the 
southern  Atlantic  States  of  North  America,  an  area  where,  as  regards  summer  and 
winter  temperature,  the  duration  of  the  vegetative  period  exceeds  that  of  our 
warmest  vine-countries  ;  both  trees  are  cultivated  in  America,  Europe,  and  Asia  far 
beyond  their  region  of  distribution  ;  but  during  the  long  period  of  their  cultivation 
not  a  single  race  has  been  produced  that  is  secured  against  the  frost  by  a  shortening 
of  its  vegetative  season  ;  moreover,  it  is  well  known  that  the  seed  of  the  Robinia 
is  always  taken  from  trees  that  have  already  grown  in  a  cold  climate  ;  the  seedlings 
retain  the  peculiarities  of  the  mother-tree  unchanged.' 

'  See  also  in  this  book.  Part  III,  Sect.  I,  Chap.  II,  Periodic  Phenomena  in  the 
Tropics. 
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I.    GENERAL   CONSIDERATIONS. 

Next  to  humidity  light  i.s  the  most  important  external  factor  affecting 
plant-form.  Whilst  heat,  which  sets  the  plant-machine  in  motion  and 
during  the  whole  course  of  its  development  and  activity  has  a  regulating 
action  of  the  first  importance,  yet  has  no  essential  influence  in  determining 
its  conformation,  light  on  the  other  hand,  like  water,  plays  a  prominent 
part  in  controlling  the  structure  of  plants.  A  plant  reared  in  the  absence 
of  light  is  in  form  quite  different  from  one  that  has  been  normally  illuminated 
and  the  structure  is  different  at  each  degree  of  intensity  of  light. 

The  phyto-geographical  importance  of  light,  however,  in  spite  of  its 
powerful  influence  on  the  conformation  and  life  of  the  plant,  is  less  than 
that  of  heat  and  rainfall  because  the  supply  of  light  in  different  climatic 
regions  varies  less  than  that  of  these  factors.  Nevertheless  until  Wiesner 
recently  laid  stress  on  the  matter,  its  importance  had  usually  been  under- 
estimated. The  unequal  intensity  of  the  illumination  in  the  different 
climatic  zones  and  the  increasing  duration  of  sunlight  from  the  equator 
to  the  poles  do  not  fail  to  stamp  their  mark  on  the  vegetation.  The 
importance  of  light  however  remains  much  greater  in  regard  to  botanical 
topography,  since  the  great  diversity  of  illumination  has  much  influence 
in  determining  the  characters  of  the  several  formations  in  a  region. 

In  the  following  pages  only  such  effects  of  light  as  have  real  geographical 
or  topographical  significance  will  be  discussed. 
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2.   PHOTOMETRIC  METHODS. 

The  methods  for  measuring  the  intensity  of  light  arc  far  less  thorough 
than  those  that  serve  to  determine  the  temperature  and  the  humidity 
of  the  air.  Bunsen  and  Roscoe  have  succeeded  in  inventing  a  method 
that  in  some  degree  satisfies  the  demands  of  exact  research ;  but  it  is 
applicable  only  to  the  so-called  chemical  portion  of  the  spectrum,  that 
is  to  say,  to  the  blue,  violet,  and  ultra-violet  rays.  The  method  is  as 
follows: — A  photographic  paper  prepared  in  a  certain  way,  and  termed 
normal  paper,  is  exposed  to  the  action  of  light  and  the  resulting  discoloura- 
tion is  compared  with  a  constant  shade  of  colour,  normal  black,  at  the 
same  time  the  period  of  exposure  is  noted.  Bunsen  and  Roscoe  have 
clearly  proved  that  in  a  normal  paper  changing  colour  in  the  presence 
of  light,  when  a  definite  shade  of  colour  is  attained  the  product  of  the 
light-intensity  multiplied  by  the  period  of  time  of  exposure  is  always 
the  same.  As  unit  of  measurement  of  the  chemical  intensity  of  light, 
a  darkening  of  the  normal  paper  is  selected  agreeing  with  normal  black 
and  produced  in  one  second.  If  the  shade  of  normal  black  is  produced 
on  the  normal  paper  in  a,  3,  4,  5,  .  .  .  n  seconds,  the  intensity  of  the  light 
is  I  divided  by  2,  3,  4,  5,  ...  n  respectively '. 

The  Roscoe-Bunsen  method  has  been  further  improved  and  essentially 
modified  by  Wiesner,  for  use  in  determining  the  quantity  of  light  available 
to  plants.  In  its  original  form,  the  method  is  suitable  for  measuring  only 
weak  intensities  of  light,  whilst  the  determination  of  higher  intensities  is 
faulty,  owing  to  the  excessively  rapid  assumption  of  the  normal  tint.  To 
remedy  this  defect,  Wiesner  used  a  scale  of  several  carefully  graduated 
shades  of  fast  colour. 

Wiesner's  brilliant  investigations  were  in  the  first  place  concerned  with 
the  ratio  between  the  intensity,  i,  of  the  light  actually  falling  upon  a  plant 
or  its  parts  or  its  habitat,  and  the  intensity,  I,  of  full  daylight  at  the  same 
time.     The  intensity,  i,  is  the  absolute  photic  ration ".     The  ratio  between 

the  two  intensities,   -,  is    tJie  relative  or  specific  photic  ration,   L.     If,  for 

instance,  i  =  -35-1  and  I  =  -756,  then  \  =  '-^^  =  L  =  -.     When  the  absolute 

I       ■756  3 

photic  ration  approximates  to  the  intensity  of  full  daylight,  if  for  instance 

L=  —  or  -,  then,  whether  the  daylight  be  feeble  or  intense,  the  absolute 
1.5       2'         '  ^    ^ 

photic  ration,  i,  varies  directly  with  the  intensity  of  full  daylight,  I,  and  the 

relative  photic  ration,  L,  remains  constant  or  nearly  so.     On  the  other  hand, 

when  the  absolute  photic  ration,  i,  is  far  below  the  intensity  of  full  daylight, 

I,  then  the  relative  photic  ration,  L,  has  daily  fluctuations  as  the  daylight 

'  Wiesner,  V,  pp.  301-2. 

'  Photic  ration  is  the  equivalent  of  Wiener's  term  LtcJitgentiss. 
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chances,  and  a  maximum,  a  minimum,  and   a  mean  value  of  L  are  dis- 
tinguished from  one  another. 

If,  for  instance,  it  is  stated  that  a  plant  thrives  when  L  is  i/i^i  -  1/7,  we  should  then 
understand  that  it  will  grow  under  daylight  of  almost  full  intensity  and  also  under 
light  ore-seventh  as  strong,  but  not  under  less.  L  (max.)  =  I  denotes  that,  at 
a  certain  time  of  day,  the  light  in  the  crown  of  a  tree  rises  up  to  1  of  the  full  day- 
light (I) ;  L  (niin.)  =  Jji  °"  ''""^  other  hand,  indicates  that  at  a  certain  time  of  day  it 
sinks  down  to  J^  of  I. 

Wiesner's  methods,  of  which  tiie  above  is  a  short  sketch,  and  of  which 
a  full  account  is  given  in  his  cited  works,  ought  in  course  of  time  to  be 
completed  and,  if  possible,  extended  to  the  less  refrangible  rays.  As 
far  as  they  go  at  present,  they  already  form  an  indispensable  aid  to 
physiological  research  that  relates  to  phyto-geography. 

3.   PLANT-LIFE  IN  DARKNESS. 

As  has  been  already  shown,  there  is  nowhere  on  earth  a  place  too 
cold  for  plant-life,  and  only  a  few  spots  of  very  limited  area  that  are  too  hot. 
As  regards  light,  there  is  no  limitation  ;  it  is  nowhere  too  dark,  nowhere 
too  bright  to  exclude  plant-life  of  some  kind.  In  the  depths  of  ocean, 
where  light  is  completely  absent,  the  decaying  corpses  of  animals  are 
decomposed  by  bacteria.  The  dung  of  cavicolous  animals  becomes  mouldy; 
the  shaggiest  skin,  the  thickest  hide  does  not  protect  an  animal's  body 
from  the  attacks  of  pathogenic  plant-parasites.  Vegetation  in  the  dark 
is,  however,  limited  to  plants  that  are  nourished  at  the  expense  of  organic 
matter.  The  reduction  of  carbon  from  carbon  dioxide  by  the  chlorophyll- 
containing  organs  is  an  operation  due  to  light.  Organisms  that  derive 
the  carbon  they  require  from  carbon  dioxide  thrive  in  the  dark,  so  long 
as  the  organic  reserve  material  suffices,  and  then  perish  from  want  of  food. 

The  reduction  of  carbon  dioxide  is  not  the  sole  function  induced  by 
light  in  the  plant-organisms  ;  on  the  contrary,  the  same  source  of  energy 
is  used  for  numerous  other  operations.  Thus  the  formation  of  chlorophyll, 
except  in  cryptogams  and  gymnosperms,  demands  the  presence  of  light ; 
the  same  is  true  in  reference  to  other  pigments,  especially  red  and  blue  ones. 
The  assimilation  of  nitrates  in  the  higher  plants  is  strongly  promoted  by 
light.  Foliage-leaves  remain  very  small  in  the  dark.  Many  movementsi 
of  plants  are  excited  only  by  light,  others  again  are  arrested  by  it.  I 

Shoots  developed  in  darkness  difTer  in  many  respects  from  norma! 
shoots  and  are  said  to  be  blanclied  or  etiolated.  ■  They  are  devoid  of  chloro-j 
phyll,  and  therefore  are  white  or  yellowish.  Their  axes  are  much  longer 
than  they  are  under  normal  circiimstances  ;  their  leaves,  on  the  contrary— 
except  those  of  grasses  and  of  a  few  other  Monocotyledons— are  very 
small  and  generally  deformed.     Flowers  are  only  rarely  produced,  even 
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when  there  is  a  sufficient  suppl)'  of  organic  nourishment,  and  flower-buds 
that  are  already  formed  usually  die  soon  ;  any  flowers  that  may  be  formed 
are  usually  of  abnormal  shape  and  either  coloured  slightly  or  not  at  all. 

Etiolated  plants  are  seldom  found  wild,  although  they  sometimes  occur 
in  caves.  F"or  instance,  in  the  well-known  Guacharo  cave  near  Caribe 
in  Venezuela  we  found  the  ground  covered  with  patches  of  dense  etiolated 
vegetation  up  to  half  a  meter  in  height,  which  had  sprung  up  from  the 
dung  of  the  Guacharo  birds,  the  only  inhabitants  of  the  cave. 

4.   INTENSITY  AND  QUALITY  OF  LIGHT. 

The  action  of  light  on  plants  is  either  invigorating  or  restricting,  creative 
or  destructive,  according  to  its  intensity  and  according  to  the  precise 
physiological  function  involved.  The  intensity  of  illumination,  at  which 
one  or  other  action  commences,  varies,  as  in  the  case  of  heat,  in  different 
species  of  plants;  there  are  however  no  exact  data  on  this  subject. 

Growth  in  length  of  stems  and  roots  is  at  its  optimum  when  light  is 
totally  excluded.  Even  light  of  very  weak  intensity  exercises  a  retarding 
influence  in  this  respect,  while  light  of  high  intensity  brings  the  process 
to  an  absolute  standstill. 

The  growth  in  area  of  leaves  in  darkness  is  very  slight,  but  attains  its 
optimum  in  light  of  very  moderate  intensity.  Any  further  increase  in 
the  illumination  retards  and  eventually  arrests  the  process.  The  optimum 
intensity  of  light  for  growth  in  thickness  of  leaves  is  considerably  higher 
than  for  the  growth  of  the  leaf-surface,  so  that  strongly  illuminated  leaves 
are  small  and  thick. 

The  development  of  vegetative  buds  of  trees  does  not  commence  until 
the  light  has  reached  a  definite  intensity  which  is  not  very  low  ;  weak 
illumination  causes  the  death  of  branches,  the  so-called  cleaning  of  the 
stems  of  the  trees  ^. 

The  action  of  light  on  the  origin  and  development  of  the  rcprodnetive 
organs,  which  has  been  closely  studied  by  Sachs,  Moebius,  and  Vochting 
in  the  higher  orders  of  plants,  and  by  Klebs  in  the  lower  orders,  has 
an  important  bearing  on  phyto-geography.  Vochting  in  particular  was 
able  to  prove  that  under  a  weak  illumination  the  formation'of  flowers,  in 
numerous  phanerogams,  was  either  entirely  prevented  or  only  incompletely 
achieved.  In  a  room  with  one  window  looking  ENE.  flower-buds  were  pro- 
duced either  very  scantily  or  not  at  all,  whilst  vegetative  growth  remained 
'normal  or  was  even  abnormally  luxuriant,  in  the  case  of  Mimulus 
JTilingi.  Buds  that  were  alread)'  formed  died  at  early  stages ;  others  pro- 
duced degenerate  and  malformed  flowers ;  chasmogamous  flowers  became 
cleistogamous,  for  the  arrest  in  development  usually  affected  the  perianth 

'  Wiesner,  \ . 
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sooner  than  the  sexual  organs.  The  injurious  influence  of  too  feeble  illumina- 
tion was  more  apparent  in  sun-plants  such  as  Malva  vulgaris  under  light  of 
higher  intensity  than  it  was  in  shade-plants  such  as  Impatiens  parviflora. 
AAmong  the  chemical  processes  affected  by  light,  the  formation  of  chlorophyll 
and  also  that  of  the  pigments  of  the  Brown  and  the  Red  Algae  are  the  most 
accommodating  ;  they  attain  their  optimum  under  light  of  very  moderate 
intensity.  The  minimum  light  required  for  the  reduction  of  carbon  dioxide 
is  considerably  higher  than  that  for  the  manufacture  of  the  above  colouring 
matter,  and  the  intensity  of  the  process  rises  proportionally  with  that  of  the 
lirrht.  There  exists  no  optimum  beyond  which  the  curve  for  assimilation 
would  descend  ;  the  latter  appears  rather  to  ascend  uniformly  till  the 
decomposition  of  the  pigments,  by  intense  light,  puts  an  end  to  it. 

Very  intense  light  acts  fatally  on  protoplasm,  and  this  action  is  quite 
independent  of  the  accompanying  heat  phenomena.  Under  natural  con 
ditions,  however,  only  a  few  vegetable  organisms  are  sufficiently  sensitive 
to  be  exposed  to  danger  of  death  from  excessive  light.  Among  these 
are  many  bacteria  and  some  of  the  larger  aquatic  plants,  especially  Algae 
which  are  attuned  to  light  of  feeble  intensity  and  die  as  soon  as  theii 
habitat'  is  more  strongly  illuminated,  as  for  instance  by  the  advancing 
season.  Most  usually  death  from  excess  of  light  seems  in  the  first  plac^ 
to  be  indirect,  owing  to  the  decomposition  of  pigments  associated  witl 
assimilation ;  for  Algae  that  are  quite  decolorized,  after  exhausting  thei 
reserve  material,  die  from  want  of  nourishment.  Terrestrial  plants  unde 
normal  conditions  show  a  much  greater  power  of  resistance ;  in  their  case 
the  death  of  entire  plants,  or  even  of  only  separate  organs  of  plants 
owing  to  excessive  illumination,  apparently  does  not  occur.  Nevertheless 
they  frequently  suffer  from  a  considerable  disintegration  of  their  chloro 
phyll.  The  vegetation  of  very  sunny  spots  is  never  pure  green,  but  alway 
exhibits  an  admixture  of  yellow  and  brown  tints  due  to  the  products  c 
decomposition  of  chlorophyll.     It  will  be  proved,  further  on,  that  intens 


trnpicaniVht  may  evpn  rnmpletely  bleach  thefoliage. 

The  need  for  the  protection  of  plants,  and  especially  of  their  chromato 
phores,  against  excessively  intense  light,  is  shown  in  many  devices  whic! 
may  reach  great  perfection,  especially  in  the  case  of  aquatic  plants  tha 
are  very  sensitive  to  light  ^  Long  and  thick  coatings  of  hair  cover  man; 
marine  Algae  like  an  overshadowing  cloud  ;  other  Algae  produce  in  thei 
cells  special  light-absorbing  plates  which,  like  window-shutters,  cover  th 
peripheral  walls  during  bright  illumination,  but  as  the  light  decreases  ar 
forced  on  to  lateral  walls  (Fig.  38).  Finally,  the  whole  form  of  growth  c 
many  Algae  is  governed  by  the  need  for  protection  against  light.  All  thes 
contrivances  are  of  course  better  developed  in  the  strongly  illuminated  seal 
of  low  latitudes  than  in  those  of  higher  latitudes,  where  the  light,  in  itse 

'  Berthold,  I. 
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ilready  less  intense,  by  reason  of  the  oblique  incidence  of  the  rays,  is  reflected 
o  a  fjreater  extent  from  the  surface  of  the  water.  The  means  of  protection 
i<Tainst  illumination  are  less  marked  in  terrestrial  plants  and  usually 
;oincide  with  those  that  are  intended  to  restrict  transpiration,  so  that  it 
cems  hardly  possible  at  present  to  decide  against  which  of  the  two  dangers 
i  definite  protective  device  originated.  Among  such,  for  instance,  may  be 
jlaced  the  manifold  movements  and  the  fixed  lie  of  the  leaves  in  relation 
0  licrht,  by  means  of  which  they  escape  the  direct  incidence  of  the  sun's 
•ays;  in  addition  there  are  coatings  of  hair,  smooth  strongly  reflecting 
;urfaces,  various  foldings,  and  so  forth  '. 

The  effects  of  light  on  plants  depend  not  only  on  the  amount,  but  also  on 
he  quality  of  the  illumiuation.  The  different  kinds  of  rays  are  of  unequal 
)liysiological  signifi- 
:ance,  and,  since  they 
u'c  unequally  ab- 
sorbed by  the  air  and 
he  aqueous  vapour, 
he  question  of  the 
romparativeefficiency 
)f  the  several  parts 
if  the  spectrum  is 
lot  unimportant  in 
jhyto-geography. 

The  less  refrangi- 
ble half  of  the  visible 
;pectrum,  from  the 
ed  to  the  commence- 
iient  of  the  green, 
;ontains  the  rays  that 
ire  most  effective  in 

fHnrino-     rarhnn    HI  J"'iG-  3S-    Chylocladia  reflexa.     A   Superficial   cell   with    a   small 

cuuv.11]^     Lrtiuuii    ui        jgflg^ting   plate,  seen   from   above.     B  Side  view  of  a  similar  cell 
)xideby  means  of  the      magnified  4.^0.     After  Berthold. 

hlorophyll.    It  is  not 

■et  clearly  decided  whether  the  eflficiency  is  greatest  in  the  red  rays,  corre- 
iponding  to  the  broadest  absorption  bands  in  the  chlorophyll,  or  in  the 
ellow  rays,  as  many  investigations  render  probable,  but  this  uncertainty 
las  no  important  bearing  on  the  question  before  us ''-.  The  manufacture  of 
:hlorophyll  depends  on  the  presence  of  yellow  or  orange-yellow  light.  The 
)lue  and  violet  rays  are  the  most  effective  in  the  assimilation  of  nitrates  ■*. 

'  VViesner,  II ;  Johow,  op.  cit. 

'  These  questions  are  thoroughly  discussed  in  all  manuals  of  physiological  botany 
m  the  basis  of  the  researches  of  Pfeffer,  Reinke,  Engelmann,  and  others. 

'  Regarding  the  assimilation  of  nitrates  and  the  formation  of  organic  calcium-com- 
lounds  depending  on  this,  see  Schimper,  I  and  II. 
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They  also  exert  a  retarding  influence  on  growth,  and  if  very  intense 
decompose  chlorophyll  and  kill  the  protoplasm.  According  to  Sachs,  the 
ultra-violet  rays  play  a  prominent  part  in  the  production  of  flowers 
Investigations  on  this  subject  have  however  hitherto  been  confined  tc 
a  single  plant,  Tropaeolum  majus. 

Besides  absolute  optima  of  illumination  which  for  certain  function! 
coincide  with  very  unfavourable  oecological  conditions — the  optimum  ligh 
for  the  growth  of  axes  and  certain  leaves  is  zero  or  darkness — there  is  also 
as  is  the  case  with  heat,  an  oecological  optinnim  for  light,  which  correspond; 
to  the  normal  life  of  a  plant  as  a  whole,  and  is  compounded  of  th 
harmonic  light-optima  of  the  several  functions.  A  plant  strives  in  variou 
ways  to  obtain  possession  of  the  oecological  optimum  of  light.  Man; 
Algae  which  are  capable  of  movement  by  means  of  cilia  collect  in  place 
where  the  light  is  of  a  definite  and  generallj'  moderate  intensity,  and  deser 
places  where  another,  but  to  them  less  favourable,  degree  of  light  prevails 
Fixed  plants  and  plant-parts,  that  are  therefore  limited  in  their  power  c 
movement,  strive  for  the  same  advantage  by  means  of  the  exposed  am 
changing  lie  of  their  foliage-leaves,  as  well  as  by  means  of  their  heliotropi 
movements  through  which,  according  to  the  needs  of  the  plant,  a  stronge 
or  weaker  illumination  is  attained.  A  similar  end  is  also  often  achieve 
by  movements  of  the  chlorophyll-corpuscles  '. 

In  nature  these  diversified  movements  would  seem  to  bring  the  plan 
usually  under  the  most  favourable  conditions  of  illumination :  but  this  i 
not  always  the  case.  Even  here  perfection  is  not  attained.  Among  th 
various  functions  demanding  as  they  do  unequal  supplies  of  light  one  ofte^ 
gains  the  upper  hand  to  the  detriment  of  the  others.  Such  discords  ar 
still  more  frequent  under  artificial  conditions  of  cultivation,  in  which  specie 
of  plants,  that  in  their  native  habitats  may  have  often  received  too  littl 
light  but  hardly  ever  too  much,  strive  after  intensities  of  light  correspondin 
to  their  absolute  optima,  and  therein  act  in  a  manner  so  highlj'  inimical  t 
their  oecology  that  they  have  sometimes  to  pay  for  it  the  penalty  of  death 

5.   SUN  AND  SHADE. 

Sun  and  shade,  as  terms  describing  the  illumination  of  habitats  occupie 
by  plants,  had  but  vague  signification  until  Wiesner  defined  them  i 
formulae  giving  the  actual  photic  ration  of  plants. 

Even    plants  that  are  apparently  very  well   illuminated   obtain   only 
fraction  of  the  full  amount  of  daylight.     The  plants  occupying  flat  deser' 
or  other  horizontal  surfaces  alone  receive  an  almost  intact  supply  of  ligli 
and  that  certainly  to  their  own  detriment.      Trees  growing  in  dense  fores 
ar.d  underwood  receive  light  chiefly  from  above,  lianes  and  epiphytes  c 

'  See  Stahl,  I  and  II ;  Wiesner,  III ;  Schimper,  III. 
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he  trunks  of  trees  and  on  rocky  cliffs  receive  light  from  the  front.     Light 
'rom  behind  or  light  from  bclotv  is  usually  of  only  slight  importance,  though 

noticed  in  Venezuela  that  a  small  species  of  Oncidium  was  always 
ttachcd  to  the  lower  side  of  <he  horizontal  branches  of  the  calabash-tree 
Crescentia  Cujcte). 

Of  the  two  forms  of  daylight,  direct  sunlight  is  of  less  importance  in 
elation  to  plant-life  than  is  diffuse  light.     M©sfe-pk-ftfes-©rth€f-expose  only 

small  part  of  their  external  surface  to  the  sun's  rays  or  noncat  all,  but 
eyond  that  they  strive  to  avoidjhe  sun's_i:a-VS  by  appropriate  arrangements 
nd  movements  of  their  foliage. 

The  weakening  of  the  intensity  of  light  by  branches  and  foliage  is  much 
nore  considerable  than  one  would  at  first  imagine.  Wiesner',  on  a  sunny 
Jarch  day  (37th)  in  Vienna,  estimated  the  intensity  of  the  full  daylight 
t  0712,  that  at  one  hundred  paces  from  the  edge  of  the  still  leafless  forest 
,t  0-355,  and  that  under  the  shade  of  the  trees  at  o-i66. 

The  weakening  of  light  under  trees  in  full  foliage,  and  especially  in  woods 
n  that  condition,  is  naturally  much  more  considerable  than  under  bare 
)ranches.  Wiesner  estimated  the  intensity  of  light  in  Vienna  on  a  sunny 
lay  in  March  at  c-666,  but  under  the  shade  of  a  spruce-tree  eight  meters 
ligh  and  branched  nearly  down  to  the  ground,  it  was  only  o-02i  ;  on  the 
ame  day,  when  the  intensity  of  full  daylight  was  0-518,  the  intensity  of  light 
aider  a  box-shrub,  one  meter  high,  was  0-017.  At  the  beginning  of  May, 
he  intensities  of  the  full  daylight,  of  the  light  in  the  crown  of  a  horse- 
hestnut  tree,  and  of  the  light  under  its  shade,  were  respectively  0-500,  0-070, 
nd  0-017.     These  values  are  in  the  ratio  of  29  : 4  :  i. 

How  greatly  the  conformation  of  plants  of  sunny  or  shady  habitats  is 
overned  by  light  has  been  recently  proved  by  comparative  cultures 
ndertaken  by  Wiesner.  Sempervivum  tectorum,  for  instance,  is  a  typical 
un-plant.  With  light  of  mean  maximum  intensity  of  0-04,  which  is 
ormal  for  many  shade-plants,  it  abandoned  its  characteristic  rosette-form, 
ts  internodes  became  elongated,  its  leaves  diminished  in  size,  and  its 
hlorophyll  became  reduced  in  quantity.  The  optimum  for  the  growth  in 
he  surface  of  its  leaves  in  this  case  therefore  coincides  with  a  pretty  high 
ntensity  of  light  ;  at  still  higher  intensities  of  light  the  superficial  growth 
s  decreased.  Wiesner  cultivated  plants  of  Sempervivum  tectorum  in  some 
ases  with  a  mean  light  intensity  of  0-305,  in  others  with  one  of  0-152. 
Jnder  the  first  conditions  the  average  maximum  length  of  the  leaves  was 

1  mm.  and  their  breadth  15  mm.,  whilst  the  corresponding  figures  under 
he  second  conditions  were  26  mm.  and  13-5  mm.  respectively. 

In  other  sun-plants,  such  as  the  potato  and  the  bean,  Wiesner  observed 
hat   the  growth    of   leaves   was  favoured    by    light    up    to  a  fairly   high 

'  Wiesner,  III,  p.  307. 
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intensity,  beyond  which  light  exerted  a  retarding  effect.     In  the  case  of 
shade-plants,  the  optimum  is  attained  under  a  much  weaker  illumination. 

Thus  the  leaf  of  Scolopendrium  officinarum  attained  in  the  dark  a  length  of  76  mm. 
(breadth  11  mm.),  when  the  full  light  intensity  was  0-083  the  maximum  length  of 
228  mm.  (breadth  25  mm.)  was  reached,  and  when  the  full  light  intensity  was  0-247  it 
had  a  length  of  only  1 52  mm.  (breadth  20  mm.).  On  the  other  hand,  positive  illumina- 
tion always  has  a  retarding  effect  on  the  growth  of  the  stem.  Potato-shoots  show 
this  reaction  plainly  even  when  the  full  light  intensity  is  0-0008,  whereas  diminished 
leaf-growth  is  not  apparent  until  the  full  light  intensity  is  0-451. 

All  these  values  are  however  in  absolutely  saturated  air,  but  the  eflects  of  light 
are  by  no  means  eliminated  in  consequence. 

The  minimum  of  light  for  the  formation  of  flowers  is  lower  for  shade-i 
plants  than  for  sun-plants ;  yet  the  former  generally  produce  fewer  flowers 
than  do  the  latter.  The  interior  of  a  forest  is  poorer  in  flowers  than 
a  meadow,  and  certain  regions  with  intense  or  prolonged  illumination,  such 
as  the  higher  regions  of  vegetation  in  mountains,  polar  countries  and  manyj 

deserts,  are  characterized 
by  a  great  abundance  oi 
flowers.  In  such  cases 
however,  other  factors  co- 
operate. 

Apart    from    their  ex- 
ternal    form,    sun-plants 
and  shade-plants  respec- 
ti\"cly    differ     from     one 
another  in   their   interna! 
structure,  and  especially  in 
that  of  their  foliage.    The 
formation  of  palisade-cell.' 
is  favoured  by  intense  light,  just  as  it  is  by  droughts.    Leaves  exposed  tojlie 
sun  contain  chlorophyll  in  their  mesophyll  only,  but  shaded  leaves,  over  anc 
above  this,  contain  chlorophyll,  sometimes  even  chiefly,  in  the  epidermis. 

Of  special  interest  in  many  plants  living  in  the  shade  are  the  contrivance. 
for  concentrating  the  rays  of  light  on  the  chlorophyll-apparatus.  Tht 
existence  of  an  illuminating  mechanism  in  plants  was  first  deinonstratec 
and  its  nature  carefully  studied  by  Noll,  in  the  case  of  the  protonema  0 
Schistotega  osmundacea,  the  luminous  moss  that  lives  in  caves  (Figs.  39. 
40).  This  protonema,  which  alone  possesses  the  property  of  emitting  light| 
is  tabular  in  form  and  consists  of  a  slender  foot  bearing  a  flat  two-lobec 
plate.  The  cells  of  the  latter  are  lenticular  and  spheroidal  above,  bu 
produced  conically  below  ;  the  chlorophyll-corpuscles  are  aggregated  in  tht 
narrow  basal  part  of  the  cells,  the  upper  part  of  which  acts  as  a  completel} 
hyaline  glass-like  lens.     As  Noll  shows  in  detail,  the  incident  rays  that  an 


Fig.  39.  Schistotega  osmundacea.    Protonem.-i  in  its  natural 
position.     Highly  magnified.     After  F.  Noll. 
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Fig.  40.  .Schistotega  osraundacea.  Optical  section  of 
a  cell  of  the  protonema  in  which  the  path  of  the  rays 
of  light  is  traced.  S' . .  S'  a  ray,  which  is  totally 
reflected  by  the  back  wall  of  the  cell  /.  P  protoplasm. 
c  chlorophyll,     v  cell-sap.     After  F.  Noll. 


in  the  neighbourhood  of  the  optical  axis  are  so  refracted  as  to  be  con- 
centrated on  to  the  chlorophyll-corpuscles,  which  lie  just  in  front  of  the  focus 
of  the  lens,  near  the  optical  axis,  and  are  consequently  intensely  illuminated. 
Each  individual  chlorophyll-corpuscle,  owing  to  its  stronger  refractive  index, 
acts  again  as  a  small  lens  and  causes  the  rays,  that  meet  it  and  are  already 
converging,  to  converge  still 
more  in  its  interior,  so  that 
the  intensity  of  the  illumina- 
tion on  its  posterior  surface 
is  still  further  increased.  The 
result  of  the  whole  process 
of  refraction  is  a  vivid  illu- 
mination of  the  chlorophyll- 
apparatus,  which  is  concen- 
trated in  the  optical  axis 
near  the  focus  ^  The  lumin- 
ous property  is  a  physical 
phenomena  that  necessarily 
results,  but  is  devoid  of  any 
significance  to  the  plant. 

Similar    contrivances     for 
illuminating  the  chlorophyll-containing  parts  occur,  if  not  in  such  perfection, 
in  other  plants  living  in  shady  places.    The  papillae  which  cover  the  velvety 
surface  of  many  tropical  herbs  dwelling  in  shaded  habitats  serve  to  con- 
centrate the  rays  of  light  -.    But  also  in 
nearly  smooth  leaves,  as  Fig.  41  shows, 
similar   adaptations    may    be    noticed. 
This    figure    represents    a    transverse 
section    of    the    leaf    of    Argostemma 
montanum,  an  herb  often  found  grow- 
ing in  the  densest  shade  of  the  moun- 
tain forests  of  Java. 

The  bluish  metallic  lustre  of  many 
plants  that  grow  in  deep  shade  remains 
unexplained.  It  characterizes  to  a  very 
intense  degree  a  few  tropical  species 
of  Selaginella  and   Trichomanes   only, 

but  is  pretty  widely  spread  in  a  less  striking  manner,  and  may  be  observed 
even  at  home  in  Sambucus  nigra.  This  remarkable  feature  is  never  seen 
in  sunny  spots,  and  must  therefore  in  some  manner  be  connected  with  the 
feeble  illumination  of  ver}'  shady  places. 


Fig.  41.  Argostemma  montanum.  A 
Javanese  plant.  Transverse  section  through 
a  leaf  growing  in  the  deepest  shade.  Mag- 
nified 200. 


'  Noll,  op.  cit.,  p.  4S2 
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6.    DAY  AND  NIGHT. 

The  processes  of  plant-life  that  depend  on  light  are  for  the  most  part 
strictly  confined  to  daytime ;  yet  in  certain  cases  more  or  less  prolonged 
after-effects  intervene  and  exercise  a  disturbing  influence.  Apart  from  this 
the  life  of  a  plant  at  night  differs  altogether  from  its  life  by  day.  This  is  ' 
clear  to  the  most  superficial  observer.  The  leaves  of  many  plants  assume 
a  position  at  night  that  is  frequently,  though  not  always,  similar  to  the 
profile  position  resulting  from  intense  illumination.  Many  flowers  gradually 
close  on  the  approach  of  darkness,  whilst  others,  less  numerous  however, 
then  begin  to  open  ;  many  flowers  exhale  their  scent  only  at  night. 
Careful  observation  shows  that  as  light  decreases  in  the  evening  assimila- 
tion becomes  gradually  weaker  and  eventually  ceases,  only  to  recommence 
at  daybreak.  The  retarding  influence  of  light  on  growth  \  however, 
exhibits  no  such  immediate  dependence  on  the  intensity  of  the  illumination, 
but  attains  its  highest  effect  only  in  the  afternoon  or  evening,  whilst  the 
maximum  growth  usually  occurs  not  at  night  but  in  the  early  hours  of  the 
morning. 

The  increasing  duration  of  sunlight  from  the  Equator  to  the  Pole  certainly 
acts  in  a  modifying  manner  on  the  daily  oscillations  of  plant-life.  These 
would  indeed  come  to  an  end  within  the  polar  circle,  if  they  did  not  in  part, 
like  other  periodic  phenomena,  depend  on  internal  causes,  and  if  they  were 
merely  regulated  by  external  influences  whenever  the  latter  occur.  Apart 
from  this,  the  more  prolonged  but  less  intense  illumination  in  the  polar 
regions  is  a  factor  in  geographical  botany,  the  importance  of  which  was 
already  recognized  by  Schuebeler,  and  more  accurately  investigated  by 
Bonnier,  Flahault,  Kjellman,  and  Curtel. 

The  works  of  the  above-named  investigators  will  be  again  referred  to  in 
the  sections  of  this  work  dealing  with  the  polar  regions.  At  present  notice 
will  be  taken,  on  account  of  their  general  importance,  only  of  the  experi- 
ments which  Bonnier  carried  out  regarding  the  effects  of  continuous  electric. 
light  on  the  development  of  plants.  In  order  to  render  the  electric  light 
as  much  as  possible  like  sunlight,  the  ultra-violet  rays  were  weakened  by 
means  of  thick  glass  plates.  The  electric  light  used  was,  at  any  rate  as 
regards  quantity,  considerably  weaker  than  daylight,  a  circumstance  which, 
while  indeed  influencing  the  results,  did  not,  as  experiments  with  inter- 
mhtent  electric  illumination  (twelve  hours  light,  twelve  hours  darkness) 
proved,  absolutely  determine  them.  The  plants  experimented  on  were  very 
varied  in  character,  some  woody,  some  herbaceous,  and  the  cultures  lasted 
for  several  months.  Plants  that  were  continuously  illuminated  differed 
most  remarkably  from  those  that  were  cultivated  normally,  as  well  as  from 
those  grown  with  intermittent  electric  light,  by  possessing  a  much  greater 
'  Cf.  works  of  Baranetzki  and  Godlewski. 
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quantity  of  chlorophyll ;  even  deep-lying  pai'ts  normally  devoid  of  chloro- 

ihyll,  such  as  the  inner  cortex,  the  medullary  rays,  and  the  pith  of  woody 

ixes,  were  sjrccn.     The  axes  were  shorter  than  under  ordinary  conditions, 

;he  leaves  smaller  and  thicker,  the  flowers  normally  developed  but  more 

ntensely  coloured.      The  internal  structure  (Fig.  42)   strongly  resembled 

hat  of  etiolated    plants  ;    thus,   the   palisadc-cells    were   developed   either 

cebly  or  scarcely  at  all,  the  tibres 

ind  woody  elements  were  quanti-         /ifSP^^^^^Si^^^^^^^Bii^Sl.Q 

atively  reduced,  all  the  cell-walls        vsZ 

vere  thinner,  and  the  histological 

tructure  generally  was  less  differ- 

:ntiatcd  than  in  normally  grown 

)Iants.      Even   plants   that  were 

liscontinuously    exposed    to    the 

lectric   light    showed   abnormal 

\-mptoms,  but  they  bore  a  much 

loser     resemblance     to     plants 

■rown  in  ordinary  da}'light  than 

0  those  that   were   continuously 

luminated.      The   uninterrupted 

iiration  of  the  illumination  must 

lerefore    be    considered    as    the 

ssential  cause  of  the  deviations 

■cm  the  normal  structure. 

Many  of  these  deviations  may 
e  explained  as  being  due  to  well- 
nown  effects  of  light ;  this  is 
specially  true  in  regard  to  the 
lortening  of  the  axes,  the  more 
itense  colour  of  flowers,  perhaps 
ISO  the  reduced  size  of  the  leaves. 

ther  phenomena  have  not  yet 
een  explained,  such  as  the  more 

lentiful  production  of  chlorophyll  and  the  simplification  of  the  internal 
ructure.  It  must  be  shown  by  experiments  carried  on  in  the  polar 
3nes  whether  or  no  any  significance  must  be  attached  to  the  fact  that 
le  electric  light  differs  somewhat  in  quality  from  daylight.  In  favour 
f  the  opinion  that  we  have  here  to  deal  with  effects  that  would  also  hold 
ue  in  the  case  of  sunlight  are  the  facts  stated  by  Bonnier,  that  plants 
rown  in  the  extreme  North  possess  a  simpler  histological  differentiation 
lan  the  same  species  on  high  mountains  of  Central  or  Southern  Europe,' 
id  that  individuals  of  these  species  when  cultivated  in  continuous  hghtl 
"come  similar  to  those  grown  in  the  polar  zones. 


Fig.  42.  Pimis  .-lustriaca.  Transverse  section 
through  a  needle :  a  in  ordinary  (intermittent)  light, 
d  in  continuous  electric  light.    Magn.    After  Bonnier. 
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CHAPTER    IV 
THE    AIR 

I.  Atmospheric  Pressure.  Growth  under  decreased  or  increased  atmospheric  pres- 
sure. Wieler's  and  Jaccard's  experiments.  Atmospheric  pressure  on  high  mountains. 
3.  The  Air  contained  in  Water.  Sokibility,  composition,  and  diffusion  of  air  in  water. 
Devices  for  tlie  absorption  and  transport  of  oxygen  in  aquatic  plants.  Aerenchyma  and 
other  aerating  tissues.  Pneumatophores.  G.  Karsten's  and  GreshofiPs  experiments. 
3.  The  Wind.  i.  ]]'ind  and  Trce-groiuih.  Mechanical  influences.  Drying  influences, 
njurious  cftccts  of  the  latter  on  tree-growth,  ii.  Wind  and  Reproduction.  Anemo- 
philous  leaves.  Their  frequent  presence  in  windy  localities.  Anemophilous  devices 
'or  dispersal  of  seeds.  Importance  in  relation  to  distribution  at  great  distances  apart. 
Treub's  observations  at  Krakatoa. 

This  chapter  will  not  deal  with  the  endless  and  manifold  relations 
xtwcen  vegetation  and  the  atmosphere,  but  will  treat  only  of  some 
jhenomena  connected  with  the  oecological  character  of  certain  formations 
Df  plants  or  with  the  distribution  of  species. 

I.   ATMOSPHERIC  PRESSURE. 

As  Wieler  and  Jaccard  have  shown,  the  pressure  within  the  stratum  of  the 
itmosphere  in  which  plants  grow  does  not  at  all  correspond  to  the  absolute 
)ptinium  pressure  for  the  growth  of  plants.  On  the  contrary,  a  diinimi- 
'ion  of  the  partial  pressure  of  the  oxygeii—iox  the  latter  only,  and  not  the 
otal  atmospheric  pressure,  comes  into  question — occasions  an  acceleration 
n  growth  until  a  certain  low  pressure  is  attained,  which  is  constant  for 
ach  species,  and  beyond  which  any  further  diminution  in  pressure  causes 
I  retardation  in  the  rate  of  growth.  We  find  this  absolute  optimum 
itmospheric  pressure  for  growth  to  be  in  the  case  of  Helianthus  annuus 
ibout  100  mm.,  but  for  Vicia  Faba  about  200  mm.  Again,  an  increase  in 
tmosplieric  pressure  above  760  mm.  (or  the  corresponding  pressure  of 
)xygen)  up  to  about  ai  atmospheres  occasions  a  retardation,  but  after  that 
m  acceleration  in  growth.  There  are  therefore  for  growth  two  absolute 
ptima  of  atmospheric  pressure,  both  of  which  differ  considerably  from  the 
)ressures  that  prevail  in  the  inhabited  stratum  of  air,  the  one  being  at  a  far 
ower,  and  the  other  at  a  far  higher  ox}-gen-prcssure. 

According  to  Jaccard  a  decrease  in  the  pressure  of  oxygen  occasions  not 
)nly  more  rapid  growth,  but  also  richer  branching  in  the  axes  and  roots,  as 
veil  as  an  increase  in  the  size  of  the  leaves.     Jaccard's  following  tabular 
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statement  shows  how  considerably  growth   is   favoured    by  rarefaction  of 
the  air : — 

GROWTH    UNDER   DIFFERENT   CONDITIONS    OF   ATMOSPHERIC 
PRESSURE    (after  Jaccard). 

(R.  represents  growth  in  air  at  a  pressure  of  15  cm. ;   O.  at  the  normal  atmospheric  pressure.) 

R.  O. 

1.  Jerusalem  artichoke.     Tubers  with  shoots  I  cm.  long, 

in  8  days  

2.  Vicia  Faba,  3-4  cm.  high,  in  8  days     . 

3.  Oxalis  crenata,  tubers  with  two  tall  shoots  . 

4.  Bellis  perennis,  plant  3-4  cm.  high,  in  15  days 

5.  Violet,  plant  3  cm.  high,  in  15  days     . 

6.  Onions,  with  shoots  3-3!  cm.  high,  in  10  days 

When  air  less  rarefied  than  the  above  is  used,  correspondingly  less  marked 
results  follow,  but  in  spite  of  the  greater  importance  of  moderate  atmo- 
spheric rarefaction  in  relation  to  plant-life,  this  has  secured  scarcely  any 
attention  from  Wieler  and  Jaccard.  A  pressure  of  35  cm.  was  employed 
in  one  solitary  experiment  conducted  by  the  latter  observer  on  wheat- 
seedlings.  The  plants  experimented  on  attained  in  twenty-three  days 
a  length  of  20  cm.,  instead  of  175  cm.  at  ordinary  atmospheric  pressure. 

Air  that  is  as  rarefied  as  that  u.sed  in  most  of  Wielcr's  and  Jaccard's 
experiments  occurs  in  nature  only  at  the  highest  summits  of  the  Himalayas, 
for  example  at  an  altitude  of  8,839  meters  on  Gaurisankar,  where,  if  we 
assume  that  the  temperature  of  the  air  at  the  sea-level  is  2'°,  a  pressure  of 
26  cm.  prevails.  An  atmospheric  pressure  of  35  cm.,  under  which  the 
above-mentioned  experiment  with  the  wheat-seedlings  was  carried  out, 
corresponds  to  an  altitude  of  about  6,coo  meters,  at  which,  in  Thibet, 
a  stately  flowering  plant,  Saussurea  tridactyla,  has  its  normal  habitat :  this 
plant  is  discussed  and  illustrated  in  the  section  of  this  book  dealing  with 
alpine  vegetation.  There  appears  therefore  to  be  no  reason  why  some 
vegetation,  even  if  only  cryptogamous,  should  not  occur  at  still  greater 
altitudes.  In  any  case  however,  judging  from  the  information  available, 
there  are  very  (e\v  plants  occurring  at  altitudes  such  that  the  rarefaction  of 
the  air  would  cause  their  growth  to  be  appreciably  more  rapid  than  in  the 
low  land.  For  a  definite  reply  to  the  question  we  must  await  the  results  of 
experiments  on  typical  alpine  plants. 

The  variations  in  the  atmospheric  pressure  at  different  altitudes,  even  if 
not  directly,  yet  indirectly  are  of  vast  physiological  importance,  since 
humidity,  temperature,  and  light  depend  upon  their  magnitude.  The 
changes  that  these  last-named  factors  undergo  owing  to  a  reduction  in 
atmospheric  pressure  are  responsible  for  the  influences  exerted  by  the  alpine 
climate  on  vegetation,  as  will  be  described  further  on. 
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Fig.  43.  Caulerpa 
prolifera  from  an  aqua- 
rium, with  excrescences. 
Natural  size. 


Air  dissolved  in  water  is  richer  in  ox\-_t;'cn  and  mucli  richer  in  carbon 
dioxide  than  is  atniosplieric  air.    Yet  the  amount  of  oxj'gen  at  the  disposal 
of  a  plant  is  smaller  in  the  former  medium  than  in  the 
latter.     According  to  Eorel,  a  liter  of  water  from  the 
surface  of  the  Lake  of  Geneva  contains: —  .XW'VMfe/'' 


At 


As  the  diffusion  of  air  in  water  is  very  slow,  whenever 
the  latter  remains  very  still  there  is  a  great  risk  of 
scarcity  of  oxygen.  Plants  growing  in  still  waters  are 
accordingly  provided  with  means  for  utilizing  to  the 
fullest  extent  the  available  oxygen,  which  is  not  only 
dissolved  in  the  water  but  is  also  produced  during  the 
assimilation  of  carbon  dioxide ;  on  the  other  hand, 
in  very  agitated  water,  where  aeration  is  much  more 
thorough,  plants  exhibit  such  adaptations  to  a  lesser 
degree. 

The  large  size  of  the  surface,  when  compared  with 
the  mass,  of  aquatic  plants  is  evidently  closely  connected  with  their  demands 
for  oxygen.  I  learned  from  my  friend  and  colleague  Noll  an  interesting 
illustration  of  this  view.  He  cultivated 
Caulcrpa  prolifera  in  the  still  water  of 
an  aquarium,  and  thus  obtained  plants 
that  were  quite  healthy  but  most  pecu- 
liarly modified  (Fig.  43).  The  so-called 
leaves,  which  under  normal  conditions 
are  tongue-shaped  and  entire,  in  such 
aquarium-grown  individuals  fray  out 
into  numerous  thin  segments,  so  that 
there  is  evidently  a  considerable  increase 
of  surface.  This  difference  strikingly 
recalls  those  existing  between  the  sub- 
merged and  aerial  leaves  of  many  aquatic 
plants. 

The  unfavourable  conditions  for  the 
supply    of    oxygen    to    aquatic    plants 

has  led  to  a  considerable  increase  in  the  development  of  the  air-passages 
that  were  already  present  in  the  terrestrial  ancestors.  In  aquatic  plants 
the  air-passages  are  spacious  tubes  (Fig.  44)  which  conduct  the  oxygen  set 


Fig.  44.  Elatine  Alsinastrum.  Trans- 
verse section  of  stem.  Magnified.  After 
H.  Schencl<. 
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Fig.  45.  Caperonia  lietero- 
petaloideSjMiiller  Arg.  Trans- 
verse section  through  the  stem, 
with  a  sheath  of  aerenchyma. 
Natural  size.  AfterH.  Schenck. 


fi-ee  by  the  assimilating  cells  to  the   points  where  it  is  consumed  in  the 
non-gfeen  parts  that  arc  respiring^. 

Woody  plants  whose  roots  and  stem-bases  are  in  stagnant  and  therefore 
badly  aerated  water,  are  provided  with  special  means  for  obtaining  oxygen 
from  the  atmosphere.     Thus  the  base  of  the  stem  of  many  swamp  trees  is 

greatly  swollen  and,  owing  to  the  disruption  of 
the  tissues,  is  hollow  in  its  centre ;  the  cavity 
serves  as  an  air-reservoir  and  communicates  with 
the  atmosphere  by  means  of  intercellular  spaces 
and  lenticels.  As  a  rule,  however,  certain  special 
tissues,  or  even  entire  members  of  the  tree,  serve 
to  supply  oxygen  and  exhibit  an  organization 
suitable  for  the  purpose. 

Acrcucliyvia'-,  which  was  first  accurately  de- 
scribed and  had  its  functional  significance  clearly 
explained  by  H.  Schenck,  is  extremely  common  in 
woody  plants  growing  in  wet  soils :  this  tissue  is  homologous  with  cork,  but 
completely  differs  from  it  both  in  histological  and  oecological  characters. 
In  many  plants  it  surrounds  those  woody  portions  of  the  stem  and  roots 
that  stick  into  wet  soil,  with   a   thick,   spongy,  fissured  mantle  (Fig.  45), 

which  occupies  the  position  of  the  ever- 
absent  cork  and  is  bounded  by  phellogen. 
This  aerenchyma  (Fig.  46)  consists  of  thin- 
walled,  non-suberized  cells,  loosely  united, 
and  bounding  broad  intercellular  passages 
which  form  a  continuous  and  much  ramified 
ac'-ating  system.  The  air-passages  ter- 
minate in  the  numerous  external  fissures 
and  open  directly  to  the  water,  which 
does  not  enter  them.  The  aerenchyma  is 
not  confined  to  the  wet  parts,  but  extends 
over  parts  above  the  surface  of  the  water. 
Yet  traced  upwards  into  the  air  it  rapidly 
decreases  in  thickness  and  passes  over  intoi 
ordinary  cork.  Sometimes  the  formation! 
of  aerenchyma  is  confined  to  the  lenticels. 
out  of  which  it  projects  in  a  cauliflower-like  form,  whilst  the  remaining 
phellogen  produces  typical  cork  even  under  water. 

The  aerating  tissues  of  woody  plants  do  not  always  originate  in  the 
phellogen.  In  many  cases  the  greatly  developed  primary  cortex,  traversed 
by  bread  air-canals,  serves  for  the  transport  of  oxygen,  which   is    partly 


Fig.  46.  Caperonia  heterojietaloides, 
Miiller  Arg.  Aerenchyma  of  tlie  stem 
in  transverse  section.  Magnified  q6 
After  H.  Schenclv. 


'  See  H.  Schenck,  I  ;  Goebel,  II,  Bd.  2,  Aquatic. Plants.  =  Schenck,  II. 
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taken  from  the  atmosphere  through  large  lenticels,  and  partly  from  the 
water  (Rhixophora,  Bruguiera,  Avicennia,  and  others).  Less  frequently 
the  air-canals  are  chiefly  found  in  the  secondary  cortex  (Laguncularia)  ^. 
Last)}',  in  \arious  Leguminosae  the  wood  is  modified  into  air-containing 
tissue  and  consists  of  thin-wallcd,  air-carrj-ing  tracheids,  resembling 
cambium-cells  in  shape  and  size,  and  intercommunicating  by  means  of 
open  pores.  Such  air-containing  wood,  if  largely  developed,  causes  large 
wellings  at  the  bases  of  stems. 

In  many  cases,  certain  lateral  roots  are  differentiated  as  oxygcu-puuips, 
and  in  accordance  with  this  function  differ  structurally  from  other  roots. 


->  j/> 


Fig.  47.  Jussieue.T  peruviana,  Linn,     aw  pneumatophores  under  tlie  water-level  sp.     One-third 
natural  size.     After  H.  Schenck. 

uch  respiratory  roots  or  pncuinatopkores  (Jost)  have  been  studied  by 
ichenck  in  species  of  Jussieuea  inhabiting  in  numbers,  as  shrubs  or  under- 
hrubs,  the  shallow  waters  of  warmer  districts  (Fig.  47).  These  plants  grow 
n  still  parts  of  the  water,  and  from  their  rhizomes  creeping  through  the 
nud  they  develop  normal  positively  geotropic  lateral  rootlets  which 
)enetrate  the  soil,  and  also  spongy  respiratory  roots,  which  are  apparently 
ot  geotropic,  but,  owing  to  the  air  they  contain,  stand  upright  in  the 
■'ater  and  conclude  their  growth  in  length  when  they  reach  the  surface, 
espiratory  roots  in  contrast  with  terrestrial  roots  are  simple  ;  less  frequent!}- 

'  See,  for  example,  H.  Schenck,  III  ;  Schimper  ;  Karsten. 
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they  are  branched  like  coral  and  surrounded  by  a  thick  snow-white  coating 
of  aerenchyma. 

Lateral  roots  that  serve  as  pneumatophores  of  various  patterns  occur 
in  many  other  plants.  They  are  not  always  submerged,  but  in  the 
majority  of  cases,  at  least  periodically,  project  into  the  air,  and  accordingly 
then  possess  characters  other  than  those  of  submerged  types.  These 
projecting  respiratory  roots  are  firm  in  structure,  their  aerating  tissue  is  not 
aerenchyma,  but  air-containing  cork  or  cortex,  and  their  upright  position 
is  not  passive,  but  active  and  due  to  negative  geotropism.  Such  pneu- 
matophores frequently  attain  considerable  dimensions,  like  those  of 
Eugeissona  tristis,  a  palm  growing  on  wet  soil,  in  the  case  of  which  they 
attain  a  height  of  i^  m.  and  a  diameter  of  3-5  cm.  ;  or  again  the  peculiar 
'  knees '  of  the  swamp  cypress,  Taxodium  distichum  (Fig.  48),  which 
resembling  sugar-loaves  in  shape  and  size,  project  from  the  frequently 
inundated  southern  swamps  of  North  America  ;  or  still  again  the  variously 
modified  root-structures  of  shrubs  and  trees  of  the  mangrove-swamps. 
These  will  be  described  in  a  subsequent  chapter  when  the  tropical 
formations  are  dealt  with. 

The  oecological  importance  of  aerating  tissues  and  pneumatophores 
has  up  to  the  present  time  been  studied  chiefly  on  morphological  grounds, 
and  would  therefore  have  remained  hypothetical,  had  not  G.  Karsten  and 
Greshoff  demonstrated  it  in  one  case,  namely,  in  the  pneumatophores  of 
Bruguiera  eriopetala,  at  the  Buitenzorg  botanic  garden.  The  pneumato- 
phore  on  which  they  experimented  exhibited  'an  extremely  great  working' 
power,'  namely,  a  very  strong  excretion  of  carbon  dioxide  (once,  over  45  c.c. 
in  an  hour),  which,  as  was  shown  by  a  comparison  with  the  respiration  of 
the  whole  root-system  of  a  young  plant,  would  be  quite  inexplicable  '  if  we 
wished  to  refer  the  result  obtained  only  to  the  part  of  the  root  that  was 
exposed  to  daylight.'  Only  the  assumption  that  the  root,  of  which  the 
action  was  investigated,  served  as  an  excretory  organ  for  a  larger  part  ol 
the  root-system,  can  explain  the  high  figures  obtained. 

3.    THE  WIND. 

The  vegetation  of  windy  regions  exhibits  many  peculiarities,  which  ma} 
be  explained  partly  as  due  to  direct  action  of  the  wind  and  partly  a; 
adaptations  to  withstand  it.  These  effects  of  air-currents  are  apparen' 
both  in  the  vegetative  and  in  the  reproductive  organs  of  plants. 

I.  Wind  and  Tree-growth. 

Areas  with  an  atmosphere  almost  constantly  in  active  movement,  sucl 
as  flat  coasts  and  islands  which  experience  the  first  impact  of  the  sea 
breezes,  or  elevated  unsheltered  mountain  ridges,  are  usually  characterizec 
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Fig.  49.  Banana  (Musa  Sapientum)  in  Ceylon.     In  the  foreground :  Manihot  utilissinia. 

From  a  photograph. 
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by  an  abnormal  tree-growth,  if  this  be  present  at  all,  whilst  the  humbler 
veo-etation  exhibits  the  effects  of  the  wind  to  a  very  small  extent,  or  not  at 
all.  This  difference  beiweai  tree-growth  and  low  shncbby  and  herbaceous 
o-rowtli  in  relation  to  the  action  of  the  tvind,  is  due  to  the  increasing  movement 
of  the  air  as  the  distance  from  the  ground  increases. 

Some  of  the  results  of  observations  made  by  Stevenson  ^  of  Edinburgh 
upon  the  increase  in  velocity  of  the  wind  with  the  height  above  the 
ground  are  shown  in  the  following  table : — 


Height  of 

Velocity  of 

Height  of 

Velocity  of 

Height  of 

Velocity  of 

Instruments 

WmA 

Instruments 

Wind 

Instruments 

Wind 

above  ground 

in  miles 

above  ground 

in  miles 

above  ground 

in  miles 

in  feet. 

per  hour. 

in  feet. 

per  hour. 

in  feet. 

per  hour. 

\ 

6-S3 

* 

9-8 

ij 

22-2 

2j 

873 

3i 

12-4 

3i 

25.6 

4j 

977 

9 

13-8 

9 

31-9 

9l 

10-45 

14 

14-3 

14 

337 

14 

IO-54 

25 

15-0 

25 

37-1 

25 

11-54 

51 

163 

51 

427 

50 

12-1 

From  the  above  tabular  statement  it  is  quite  clear  that  plants 
that  are  only  slightly  raised  above  the  ground  experience  the  effects  of 
the  wind  much  less  than  tall  plants,  and  especially  trees.  The  action  of  the 
wind  on  plants  is  partly  direct,  by  tensile  stresses  and  b}-  pressure,  and 
partly  indirect,  by  increasing  transpiration :  both  these  actions  are  the 
more  energetic,  the  taller  the  plants,  or  the  higher  the  spots  they 
occupy. 

The  direct  effect  of  the  wind  on  the  growth  of  plants  is  for  the  most 
part  strongly  exhibited  only  in  places  where  the  wind  blows  continuousl)' 
and  with  considerable  strength.  It  is  a  common  feature  in  such  localities 
that  stems  and  branches  are  bent  away  by  the  prevailing  wind  from  their 
normal  direction  of  growth  and  follow  the  direction  of  the  wind  (Fig.  50) 
It  is  also  obvious  that  such  trees  also  suffer  direct  damage,  by  breakage  ol 
branches,  rending  of  foliage,  and  so  forth.  The  action  of  the  wind  in 
tearing  the  leaves  of  arborescent  or  lofty  plants  and  tall  herbs  may,  howevei' 
prove  to  be  quite  a  normal  and  useful  feature,  as  in  the  case  of  the  bananaj 
(Fig.  49)  and  some  other  plants,  the  huge  leaves  of  which  when  yound 
are  quite  entire,  and  remain  so  in  stations  that  are  sheltered  from  the  windl 
but  are  always  torn  in  more  exposed  ones.  The  functional  activity  of  the 
leaves  is  not  thereby  in  any  way  prejudiced  ;    on  the  contrary,  owing  tc 

'  Stevenson  in  Journ.  Scot.  Meteorol.  Soc,  New  Series,  Vol.  V,  iSSo,  p.  34S. 


Chap.  IV] 


thp:  air 


77 


the  CTi-eater  mobility  of  their  segments,  the  leaves  come  into  contact  with 
lar"-ci-  quantities  of  air  and  their  interchange  of  gases  is  correspondingly 
increased. 

Considerable  mechanical  damage  by  exceptionally  strong  storms  is 
commoner  in  countries  where  the  weather  is  usually  calm,  than  in  regions 
that  are  normally  windy,  partly  because  in  the  latter  the  form  of  growth 
assumed   by   stem  and  twigs  conveys   protection,  and   partly  because,  as 


Fig.  50.  Primus  spinosa  to  the  left,  Crataegus  Oxyacanllia  to  the  right,  on  the  north  coast  ot 
Zealand  in  Denmark.  Both  trees  bent  and  unilaterally  branched  through  the  influence  of  the 
sea-breeze.     From  a  photograph  by  Warming. 

Hegler  proved,  a  continuous  tensile  stress  occasions  an  increase  of  strength 
and  of  the  mechanical  tissue. 

The  mechanical  effects  of  the  wind  are  by  no  means  those  most 
important  to  the  oecology  of  tall  and  tree-like  plants.  They  are  for  the 
most  part  markedly  exhibited  only  where  very  strong  continuous  air- 
currents  prevail,  and  then  chiefly  cause  harmless  deviations  from  the  normal 
shape.  The  destructive  influence  that  in  certain  areas  completely 
prevents  ^  the  growth  of  trees  and  is  chiefly  exerted  during  the  winter,  is 

'  Borggreve,  for  example,  states  :  '  One  frequently  hears,  for  example,  the  assertion 
made,  that  afforestation  of  the  west  coasts  and  islands  of  Schleswig  is  impossible' 
(P-  251)- 
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not  attributable  to  the  mechanical  action  of  the  wind.  On  the  contrary, 
as  Focke  was  the  first  to  state,  the  wind  must  have  a  power  that  is  directly 
destructive  of  life,  as  is  shown  by  '  the  numerous  short  stiff  projecting 
branches  which  are  to  be  seen  on  the  tops  of  shrubs  and  in  the  crowns  of 
trees,  chiefly  on  their  windward  side,  in  exposed  places,  and  which  do  not 
exhibit  any  trace  of  external  injury ' '  (Fig.  51).  The  directly  fatal 
influence  is,  as  Kihlman  pointed  out,  the  excessive  increase  of  transpiration 
caused  by  the  wind.  When  the  wind  blows  during  frosty  weather — a  time 
when  the  loss  of  water  cannot  be  made  up  by^  a  supply  from  the  soil  and 
from  the  stem — its  action  can  easily  become  destructive.     Injuries  by  frost, 


Fig.  51.  Influence  of  wind  on  tree-growth:  group  of  trees  in  a  wood  on  Sylt  Island  showing 

branches  dried  up.     After  Borggreve.  j 

as  has  already  been  shown-,  are  not  ordinarily  attributable  to  the  tem- 
perature in  itself,  but  are  due  to  desiccation  during  the  frost. 

Evaporation  is  however  universally  weaker  at  low  than  at  high  tempera- 
tures, }-et  dry,  cold  winds  possess  an  extraordinarily  strong  drying  power. ^ 
A  striking  example  is  mentioned  by  Middendorfif,  who,  on  a  windy  and 
frosty  day,  hung  outside  his  tent  a  leather  glove  which  after  being  washed 
had  frozen  stiff — in  an  hour's  time  it  was  completely  dr}'.  The  drying 
action  of  the  wind  and  its  effects  are,  as  will  be  shown  in  a  later  chapter ', 
of  great  geographical  importance,  since  they  determine  the  limits  of  tree- 
growth  both  towards  the  Poles  and  in  a  vertical  direction. 


'  Kihlmau,  p.  68. 


"■  Page  39. 
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2.    Wind  and  Reproduction. 

The  flora  of  open  windy  tracts  of  land  shows  the  influence  of  air- 
currents  no  less  in  its  reproductive  than  in  its  vegetative  functions.  Anciiio- 
phily  in  pollinatioit  is  much  more  frequent  in  exposed  localities,  where 
the  air  is  usually  in  motion,  than  in  the  calm  interior  of  forests.  The  main 
mass,  even  if  not  the  majority  of  species,  of  the  vegetation  of  grassland 
and  swamps  is  composed  of  anemophilous  plants,  such  as  grasses,  sedges, 
rushes,  species  of  Plantago,  Sanguisorba,  Thalictrum,  and  the  like.  Lofty 
trees  such  as  the  Coniferae  and  most  Amentaceae  are  in  many  cases 
dependent  on  wind-pollination.  On  the  other  hand,  the  shrubs  and  herbs 
of  the  forest  are  chiefly  entomophilous.  The  connexion  between  the  wind 
and  anemophily  is  most  clearly  seen  in  the  coast-islands  of  the  North  Sea. 
Thus  in  Spiekeroog  J.  Behrens  found  one-third  of  the  species  that 
blossomed  in  Ma}'  had  anemophilous  devices.  Such  plants  were  especiallj- 
found  near  the  flats,  where  the  winds  blow  strongly,  whilst  the  entomo- 
philous species,  as  well  as  their  pollinators,  occupied  the  sheltered  spots. 
In  Chapter  V  (Animals)  the  connexion  between  insular  stations  and 
method  of  pollination  will  be  more  fully  discussed. 

Still  more  evident  than  in  the  case  of  pollination  is  the  connexion 
between  the  means  of  dissemination  and  the  amount  of  wind  prevailing  in 
a  locality.  Anemophilous  adaptations  in  the  seeds,  or  in  the  fruits  that 
contain  them,  such  as  diminutive  size,  low  specific  gravity,  wings  or  hairs, 
are  chiefly  to  be  found  in  wide  level  grassland  (steppe,  savannah),  in 
desert,  in   open   swamp,  and    in   the  open  parts   of   high   mountains.     As 

rule,  it  is  useless  to  look  for  berries  in  such  places.  Adaptations 
facilitating  the  transport  of  seeds  by  animals  are,  however,  not  wanting  ; 
they  are  not  correlated  with  birds  that  eat  berries,  but  with  grazing 
quadrupeds  and  with  carnivorous  swamp-birds  to  whose  bodies  the  seeds 
become  attached.  On  the  other  hand,  among  the  shrubs  and  herbs  of  the 
forest  or  scrub,  berries  and  other  adaptations  to  the  animal  life  of  the 
forest  form  a  common  feature.  Tall  trees  and  Hanes,  again,  are  often 
provided  with  anemophilous  means  of  dispersal,  and  so  indeed  are  many  of 
the  epiphytes  that  grow  in  the  interior  of  forests.  The  seeds  or  spores 
of  the  latter  are,  indeed,  so  small  and  light  that  the  weak  vertical  currents 
of  wind  that  prevail  in  forests  are  sufficient  to  carry  them  to  their  destina- 
tion among  the  stem  and  branches,  until  owing  to  their  stickiness  they 
adhere  to  the  bark  or  become  caught  in  its  cracks. 

The  sea-coasts  form  an  exception  to  the  rule  that  anemophilous  means 
of  seed-dispersal  predominate  in  very  windy  places.  The  sea  is  the  vehicle 
'or  the  seeds  of  most  littoral  halophytes.  Species  of  plants  whose  seeds  are 
easily  conveyed  by  the  wind,  but  which  sink  in  sea-water,  would  with 
difficulty  hold  their  own  on  the  sea-shore,  as  their  seeds  would  be  either 
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carried  inland,  where  halophytes  could  not  establish  themselves,  or  into 
the  sea,  where  only  floating  devices  could  prevent  them  from  sinking, 
Weaker  breezes  which  suffice  for  the  transport  of  pollen  are  less  efificacious 
for  seeds,  and  all  the  more  so  because  the  smooth  loose  sand  does  not 
arrest  anemophilous  seeds  that  have  fallen  to  the  ground,  but  leaves  them 
to  the  play  of  the  wind. 

The  work  of  the  wind  as  a  means  of  seed-dispersal  and  of  spore-dispersal 
is  one  of  the  most  important  subjects  in  geographical  botany.  We  cannot 
say  that  a  conclusive  opinion  has  yet  been  arrived  at  regarding  it.  A.  de 
Candolle  and  Kerner  estimate  the  efficiency  of  the  wind  in  this  respect  at 
a  very  low  figure  in  the  case  of  seed-plants.  Seeds,  they  maintain,  are 
conveyed  bj-  the  wind  to  short  distances  only.  The  former  botanist.  hoW' 
ever,  admits  the  possibility  of  a  longer  transport  for  the  spores  of  crypto- 
gamous  plants.  According  to  this  view  the  dispersal  of  seeds  b}-  the  wind 
is  merely  a  local  phenomenon  and  would  acquire  geographical  importance 
only  when  frequently  repeated  in  the  course  of  generations.  This  view  is 
supported  by  the  fact  that  the  transport  b\'  the  wind  of  seeds  and  spores 
over  extensive  tracts  of  water,  to  oceanic  islands  for  instance,  has  not  yet, 
in  spite  of  repeated  assertions,  been  positively  proved.  On  the  other  hand, 
the  presence  of  various  species  of  plants  on  such  islands  can  be  explained 
only  on  the  hypothesis  of  the  intervention  of  the  w'ind. 

Treub  proved  that  seeds  can  be  carried  by  wind  over  stretches  of  the  sea 
at  least  twenty  nautical  miles  in  width,  for  he  found  in  the  interior  of  the 
island  of  Krakatoa,  which  is  that  distance  from  Java,  three  years  after  the 
eruption  which  had  covered  the  island  with  a  thick  sheet  of  lava,  eleven 
ferns,  two  species  of  Compositae,  and  two  grasses  whose  spores  or  seeds 
could  have  been  carried  thither  by  means  of  the  wind  alone.  Accordingly 
it  is  in  the  first  place  ferns  from  the  neighbouring  islands  that  colonized  the 
devastated  interior  of  Krakatoa.  Ferns  also  form  the  chief  vegetation  ol 
recent  volcanic  islands  that  are  remote  from  continents  ;  for  instance,  tht' 
little  island  of  Ascension  is  almost  completely  overgrown  with  ferns 
Plants  that  are  disseminated  by  marine  currents  are  not  as  a  rule  providec 
with  special  means  for  making  their  way  inland,  especially  when  the 
interior  of  the  country  is  mountainous  ;  and  berry-eating  birds  that  take 
long  flights  do  not,  excepting  for  rare  accidents,  visit  islands  before  tree; 
are  established.  Only  two  phanerogamic  littoral  plants  were  found  inlanc 
by  Treub  upon  Krakatoa,  Scaevola  Koenigii  and  Tournefortia  argentea,  the 
seeds  of  which  are  so  small  and  light  that  the  wind  might  have  blowr 
them  on  to  the  mountains.  Plants  disseminated  by  animals  were  com 
pletely  absent. 

The  significance  of  anemophilous  means  of  dispersal  in  relation  to  th( 
origin  of  an  insular  flora  has  been  finally  determined  by  Treub's  importan 
observations. 
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CHAPTER     V 
THE   SOIL 

I.  The  Physical  Properties  of  the  Soil.  Water  capacity.  Conveyance  of  water 
by  capillarity.  Permeability  of  various  kinds  of  soil.  2.  The  Chemical  Properties  of 
Soils.  Correlations  of  physical  and  chemical  properties.  Effects  of  solutions  on  the 
absorption  of  water  by  plants.  Poisonous  nature  of  concentrated  solutions.  Protective 
mechanism  of  plants  against  increasing  concentration  of  saline  solutions  in  the  cells. 
Various  actions  of  salts  on  the  structure  of  plants.  3.  Sodium  Chloride.  \.  Presence  and 
Function  of  SodiiDn  Chloride  in  P/iUi/s.  Influence  of  sodium  chloride  on  the  structure  of 
plants.  Xerophilous  character  of  halophytes.  Influence  of  sodium  chloride  on  the  pro- 
duction of  proteids.  Its  influence  on  the  structure  of  fresh-water  Algae,  ii.  Halophytes. 
Predilection  for  salt.  Distribution  of  halophytes  among  the  families  of  plants.  Origin 
of  the  halophilous  mode  of  life.  Inability  to  withstand  competition  inland.  4.  Other 
easily  soluble  Salts.  .Mum  :  the  solfataras.  Saltpetre.  5.  Serpentine.  Plants  growing 
on  serpentine.  6.  Calamine.  Calainine-plants.  7.  Calcium  Carbonate,  i.  Action  of 
Calcium  Carbonate  on  the  Metabolism  and  Structure  of  Plants.  Poisonous  effects  on 
many  plants.  Power  of  accommodation  to  a  calcareous  soil.  Experiments  and  observations 
by  Bonnier  and  others.  Nature  of  the  influence  of  lime  on  metabolism.  Experimental 
cultures  by  Fliche  and  Grandeau.  ii.  Character  of  tlie  Flora  on  Calcareous  Soil.  Calci- 
philous plants.  Calciphobous  or  silicicolous  plants.  Instability  of  the  relations  of  plants 
towards  lime.  Thurmann's  physical  theory.  Its  refutation.  Explanation  of  the  difference 
between  calcicolous  and  silicicolous  floras,  and  of  their  instability.  Dissimilar  relations 
to  lime  of  closely  allied  species.  Parallel  forms  on  soils  rich  and  poor  in  lime.  Nageli's 
theory.  8.  Humus.  \.  The  Chemistry  attd  Physics  of  Humus.  Ash-constituents.  Acid 
humus  and  mild  humus.  Leaf-mould  and  peat.  ii.  The  .\[ycorhiaa.  Endotrophic  and 
ectotrophicmycorhiza.  Thismia  .^seroe  according  to  P.  Groom.  Saprophytes,  iii.  Chemical 
Differences  in  Humus  and  the  resulting  Flora.  Dissimilar  nature  of  the  flora  on  different 
kinds  of  humus.  Great  exclusiveness  of  certain  species  of  plants.  Plants  growing  on 
animal  humus.  9.  Living  Substrata  :  Parasites.  Dependence  on  the  chemical  nature 
of  the  substratum. 

1.  THE  PHYSICAL  PROPERTIES  OF  THE  SOIL. 

The pliysical properties  of  the  soiP  that  are  most  important  to  plant-life 
depend  not  so  much  on  the  formerly  over-estimated  forces  of  cohesion, 
which  offer  a  more  or  less  considerable  resistance  to  the  growth  of  the 
subterranean  members  of  plants,  as  on  the  forces  of  adhesion  and  capillarity 
which  regulate  the  amount  of  water  and  air  in  the  soil.  At  different  spots 
in  one  region  with  uniform  rainfall  the  soil  exhibits  the  numerous  stages 
between  a   drj'   and  a   wet   condition,  according  to  its  water-capacity,   its 

'  See  especially  .A.d.  Mayer,  op.  cit. 
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po-wcr  of  capillary  conduction  and  its  permeability,  and  these  variations 
occasion  variations  in  the  vegetation. 

The  amount  of  water  that  is  taken  up  by  the  soil  is  termed  by  Maj-er 
the  full  water-capacity  of  the  soil,  and  the  amount  of  water  which  remains 
after  any  excess  has  been  drained  away  he  terms  absolute  water-capacity. 
The  latter,  which  is  most  important  for  plant-life,  depends  chiefly  on  the 
size  of  the  particles  of  soil.  A  coarse  sand,  for  instance,  has  an  absolute 
water-capacity  of  13-7%  of  its  volume,  a  true  clay  soil  one  of  40-9  °/^. 
The  air-capacity  is  inversely  proportional  to  the  water-capacity,  as  all 
pores  not  filled  with  water  are  filled  with  air. 

The  permeability  of  a  soil  is  closely  connected  with  its  water-capacity. 
Coarsely  grained  soils  are  very  permeable,  whilst  finely  grained  soils, 
and  especially  clay,  are  characterized  by  a  great  resistance  to  filtration. 
and  take  up  therefore  an  amount  of  water  in  excess  of  their  absolute 
capacity. 

Capillary  conduction  of  water,  or  power  of  absorbing  water,  a  not  less 
important  property  of  the  soil,  is  measured  by  the  rapidity  with  which 
dried  earth  becomes  soaked  up  to  a  definite  height  with  water  when  placed 
in  contact  with  it.  Clay  possesses  the  greatest  power  of  conducting  water, 
next  come  humus  and  sandy  soils,  whilst  gypsum  and  chalk  exhibit  the 
lowest  power  of  absorption. 

The  importance  of  the  physical  difterences  in  soils  in  relation  to  plant- 
life  may  be  summed  up  in  the  following  sentences  : — 

I.  Finely  grained  soils  rich  in  humus  and  with  a  s?iffieiently  pernieabk 
substratum  possess  a  moderate  degree  of  humidity  that  is  generally 
favourable  for  plant-life.  On  such  a  soil  trees  and  field-plants  attain  their 
full  development. 

a.  A  sandy  soil  poor  in  humus  with  a  permeable  subsoil  such  as  gravel 
admits  indeed  of  being  thoroughly  soaked  to  some  depth  at  each  fall 
of  rain,  but  dries  quickly  when  the  rain  is  over.  On  such  a  soil,  therefore, 
in  a  climate  of  medium  humidity,  only  xerophilous  plants  that  require 
little  moisture  can  grow. 

3.  A  finely  grained  calcareous  soil  that  is  poor  in  humus  offers  even 
less  favourable  conditions,  since  it  has  very  little  power  of  absorbing 
water.  On  such  soil,  in  fact,  the  vegetation  is  markedly  xerophilous, 
whilst  on  a  calcareous  soil  that  is  rich  in  humus,  if  the  climate  is  appro- 
priate, hygrophilous  vegetation  may  appear  without  risk. 

4-  Of  all  soils  clay  absorbs  and  retains  water  best.  In  dry  regions, 
for  instance  that  of  the  Mediterranean,  clay  is  highly  esteemed  on  account 
of  these  qualities,  whilst  in  moist  regions  like  that  of  Western  Europe, 
soils  of  exactly  the  opposite  character  are  preferred,  because  a  clay  soil 
under  a  heavy  rainfall  absorbs  water  beyond  its  absolute  capacity. 

5.  Absorption  bej^ond  its  absolute  capacity  by  a  soil  conduces  to  swampi- 
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»ess,  which  may  also  occur  in  calcareous  soils  and  affords  conditions  un- 
favourable to  plant-life  on  account  of  the  stagnation  of  the  oxygen  within  it  ^. 
In  spite  of  its  great  importance,  the  purel}'  pliysical  analysis  of  soils 
cannot  quite  replace  a  physiological  analysis  that  is  based  on  experimental 
cultures.  Indeed  only  the  combination  of  both  methods  can  explain  the 
connexion  between  the  ph\'sical  qualitj'  of  a  soil  and  the  physiological 
process  of  the  absorption  of  water.  The  water-capacity  of  a  given  soil 
does  not  enable  us  to  judge  of  the  quantity  of  water  that  a  certain  plant 
is  capable  of  taking  from  it.  For  instance,  in  some  researches  made  by 
Sachs  the  ratios  of  the  water-capacities  of  a  sandy  beech-humus,  of  a  loam, 
and  of  a  pure  quartz  sand,  were  46  :  52' i  :  20-iS,  but  the  ratios  of  the 
amounts  available  in  each  to  a  tobacco-plant  were  33-7  :  44-1  :  19-3.  In 
other  words,  that  fraction  of  the  force  of  attraction  of  the  soil  for  water 
which  the  power  of  suction  exerted  by  the  roots  could  not  overcome 
differed  with  the  kind  of  soil  and  varied  as   12-3:  8:  1-5. 

These  ratios  have  recentlj'  been  more  closely  investigated  b}'  Gain  in  reference  to 
several  kinds  of  soil,  and  to  three  species  of  plants,  namely,  Phaseolus  vulgaris, 
Erigeron  canadense,  Lupinus  albus,  all  of  which  make  unequal  demands  on  moisture. 
We  do  not  go  more  closely  into  the  question,  as  its  importance  for  the  topographical 
distribution  of  vegetation  appears  doubtful.  However  this  importance  is  assumed  by 
Gain,  who  refers,  to  a  greater  extent  than  is  usual,  chemical  influences  of  the  sub- 
stratum to  the  inequality  of  the  force  of  attraction  for  water.  He  assumes,  for  instance, 
that  the  amount  of  water  in  the  soil  of  a  geographical  district  might  sink  to  3  %  ;  then 
the  species  of  plants  with  which  he  experimented  could  continue  to  exist  in  sand  or  in 
garden  soil,  but  not  in  humus,  loam,  or  heath  soil.  This  assumption  maj?  be  admitted 
hypotheticallj',  but  is  without  any  importance  in  geographical  botany,  since  in 
each  geographical  area  numerous  qualities  of  soil  occur  retaining  very  difterent 
quantities  of  water. 

2.  THE  CHEMICAL  PROPERTIES  OF  SOILS. 

The  chemistry  and  physics  of  the  substratum  are  in  many  ways  inti- 
mately connected.  Besides  the  size  of  the  particles  of  soil  their  chemical 
properties  have  place  in  determining  the  forces  of  adhesion  and  capillarity. 
Soils  with  equall}-  fine  particles,  for  instance,  act  differently  according 
as  they  are  composed  of  clay,  lime,  or  quartz.  Physical  action  is  also 
affected  by  the  salts  that  are  dissolved  by  the  water  in  the  soil,  since 
the  salts  influence  the  osmotic  processes  and  consequently  the  absorption 
of  water.  As  has  been  already  explained  on  a  preceding  page,  roots  take 
up  more  water  when  it  is  offered  in  a  chemically  pure  condition  than  they 
do  when  it  is  in  solutions,  and  for  every  species  of  plant  there  is  a  fixed 
limit  of  concentration  of  solutions,  rarely  exceeding  5°/^,  beyond  which  the 

'  See  p.  72. 
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roots  no  longer  absorb  water.  A  soil  that  is  rich  in  soluble  salts  even 
when  thoroughly  soaked  with  water  is  therefore  to  a  plant  a  completely 
dry  soil  ^ 

Nevertheless,  by  the  absorption  of  salts  from  the  substratum,  plants 
capable  of  enduring  concentrated  saline  solutions  in  their  cells  acquire 
a  certain  degree  of  accommodation,  whereby  they  are  enabled  to  satisfy 
their  demands  for  water  from  increasingly  concentrated  solutions.  The 
importance  of  this  property  to  the  oecology  of  plants  is,  however,  under 
natural  conditions,  less  than  might  be  supposed  from  the  results  of  laboratory 
experiments,  since  the  concentration  of  salts  in  the  soil  is  usually  exposed 
to  considerable  changes.  Thus,  for  instance,  the  root-system  of  a  littoral 
plant,  according  to  the  alternations  of  sunshine  and  rain,  storm  and  calm, 
ebb  and  flow,  is  bathed  in  turns  by  fresh  water,  or  by  ordinar}'  or  even 
concentrated  sea-water. 

The  soluble  salts  in  the  soil,  not  only  during  their  absorption,  but  also, 
at  least  so  far  as  they  are  not  consumed  by  the  plant,  during  their  whole 
passage  through  it,  exercise  osmotic  actions  that  greatly  affect  the  pro- 
cesses of  development.  Thus,  merely  moderately  strong  saline  solutions 
cause,  as  does  drought,  the  closure  of  the  stomata  of  many  plants,  especially 
of  those  whose  natural  habitats  are  deficient  in  salt,  and  thereby  power- 
fully affect  the  assimilation  of  carbon  -.  The  retarding  influence  on  growth 
of  concentrated  saline  solutions  has  been  frequently  observed,  and  is  in 
all  probability  primarily  traceable  to  this  factor. 

The  indispensability  to  vegetable  organisms  of  certain  mineral  con- 
stituents of  the  soil,  especially  nitric,  phosphoric,  and  sulphuric  acids,  potash, 
lime  and  magnesia,  as  well  as  iron,  depends  not  on  their  ph)-sical,  but  on 
their  chemical  properties.  Some  of  their  elements  become  constituents  of 
protoplasm,  and  others  play  a  part  in  metabolism  that  is  indeed  secondary 
but  yet  quite  necessary. 

But  it  is  not  merely  substances  which  are  indispensable  to  plants  that 
influence  their  chemical  relations.  Even  those  that  can  always  be  dis- 
pensed with  set  going,  if  they  are  absorbed,  both  physical  and  chemical 
actions  which  influence  vegetable  organisms,  sometimes  favourably,  some- 
times injuriously,  and  sometimes  in  a  manner  that  is  quite  recognizable  but 
is  apparently  indifferent  oecologically.  Above  a  certain  degree  of  con- 
centration all  substances  entering  a  plant  in  large  quantities  are  poisonous, 
if  they  are  either  not  at  once,  or  not  at  all,  assimilated.  The  degree  of 
concentration  at  which  a  solution  begins  to  be  poisonous  varies  with  its 
chemical  composition  and  with  the  species  of -the  plant.  The  inequality 
of  the  powers  of  resistance  of  different  species  is  to  a  great  extent  responsible 
for  the  differences  in  the  floras  of  substrata  that  differ  chemically  from  one 
anotJ 

'  -^ee  p.  4.  2  stahl,  op.  cit. 
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Besides  the  rclati\ely  simple  and  direct  pliysical  and  chemical  actions 
mentioned  above,  salts  exercise  a  more  or  less  visible  but  indirect  influence 
on  the  structure  of  vegetable  organisms.  Easily  soluble  salts  evoke 
protective  means  against  transpiration  identical  with  those  accompanying 
life  in  a  dry  soil,  and  these  for  the  most  part  are  to  be  ascribed  oecologically 
to  the  impeded  absorption  of  water'.  Such  protective  means  are  met 
with  both  when  the  soluble  salt  is  nutritive,  as  for  instance  saltpetre,  and 
when  it  is  useless  and  not  assimilable,  like  sodium  chloride.  Yet  in  the 
latter  case  the  salts  commence  to  act  in  less  concentrated  solutions  and 
with  greater  intensity.  From  this  we  may  learn  that  protective  means 
against  transpiration  oppose  the  increasing  concentration  of  a  salt  that  soon 
becomes  poisonous,  and  consequently  in  the  case  of  injurious  salts  the)-  step 
in  earlier  than  would  be  necessary  if  the  salts  in  the  substratum  merely 
rendered  difficult  the  absorption  of  sufficient  water  to  cover  the  loss  due  to 
transpiration.  Whilst  the  protective  means  against  transpiration  appear  to 
be  influenced  only  as  to  their  earlier  or  later  occurrence  by  the  chemical 
differences  in  the  substances  absorbed,  these  act  in  a  definite  specific  way, 
which  perhaps  resembles  the  changes  induced  in  their  host-plant  by 
certain  fungi.  Many  of  the  modifications  thus  caused  in  the  structure  of 
plants  have  a  decidedly  pathological  character,  and  rarely,  or  never,  occur 
under  natural  conditions.  Others^  on  the  contrary,  in  no  way  impair  the 
vitality  of  the  plant,  and  are  extremely  important  in  rendering  com- 
prehensible the  diversities  in  the  floras  of  soils  that  differ  chemical!}'.  To 
this  latter  class  belong,  independently  of  the  protective  means  against 
transpiration  mentioned  above,  the  modifications  caused  in  the  structure  of 
plants  by  sodium  chloride,  salts  of  zinc,  serpentine  (a  silicate  of  magnesium), 
and  calcium  carbonate. 

3.    SODIUM  CHLORIDE. 
PRESENCE  AND  FUNCTION  OF  SODIUM  CHLORIDE   IN  PLANTS. 

It  has  been  proved  by  means  of  cultures  in  artificial  nutritive  substrata, 
especially  in  culture-solutions,  that  sodium  chloride  is  of  no  significance  as 
a  nutritive  material  in  the  case  of  most  plants.  For  the  normal  develop- 
ment of  Fagopyrum  esculentum  this  salt  has,  however,  been  found  necessary, 
and  it  is  probably  necessary  for  some  other  plants  also,  although  the 
number  of  species  with  which  experiments  have  been  conducted  is  rela- 
tively small. 

Plants  that  require  sodium  chloride  can  obtain  it  in  all  natural  soils,  for 
only  a  small  amount  is  probably  needed  in  each  case.  All  plants,  how- 
ever, to  which  chlorides,  especially  sodium  chloride,  are  offered,  actually 

'  See  p.  4. 
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take  them  up,  and  frequently  in  quantities  that  are  not  inconsiderable,  even 
if,  as  is  proved  experimentally,  the  plants  can  thrive  quite  normally  without 

them. 

Chlorides  do  not  appear  to  enter  into  organic  compounds,  but  remain 
unchano-ed  in  the  sap  of  the  parenchyma  and  in  the  epidermis,  where  they 
can  be  easily  micro-chemically  recognized  ^. 

Small  quantities  of  sodium  chloride  (and  of  potassium  chloride)  are 
apparently  endured  without  injury  by  all  plants.  If,  however,  the  ground 
be  watered  with  a  2-3%  solution  of  common  salt,  most  species  perish  in 
a  short  time.  The  only  plants  to  persist  are  halophytes,  which  are  plants 
living  naturally  in  saline  habitats  like  the  sea-shore,  also  a  few  non-halo 
phytes  with  marked  protection  against  transpiration.  Such  plants  thrive 
excellently  on  a  soil  soaked  with  sea- water  (2-7-3-2%  sodium  chloride 
and  store  up  considerable  quantities  of  salt,  chiefly  in  their  stems  and 
leaves.  If  the  concentration  of  the  solution  be  further  increased,  however 
even  these  species  successively  die. 

According  to  Wolffs  'Ash-Tables,'  the  percentages  of  chlorine  in  the  ash  of  some 
sea-shore  halophytes  were  as  follows:  Armeria  maritima,  i2-69-i5-io;  Artemisi: 
maritima,  26-6S,  though  only  1-99  in  its  root  ;  Aster  Tripolium,  leaves  43-°°j  sten 
49-90,  flowers  19-10;  Chenopodium  maritimum,  44-06,  stem  47-oS ;  Arenaria  media 
36-55  ;  Plantago  media,  43-53.  In  my  own  investigations  the  micro-chemical  test  foi 
sodium  chloride  gave  intense  reactions  in  a  large  majority,  though  not  in  all,  of  thf 
littoral  plants  of  Java". 

The  amount  of  chlorine  in  the  ash  of  inland  plants  usuallj'  does  not  exceed  5  % 
but  there  are  exceptions. 

Sodium  chloride  acts  on  the  vegetable  organism  in  part  physically,  since 
like  other  saline  solutions  it  impedes  the  osmotic  absorption  of  wate- 
through  the  roots,  and  in  part  chemically,  as  after  its  entrance  into  th( 
cells  it  affects  metabolism. 

Systematically  conducted  cultures  investigating  the  influence  of  sodiun 
chloride  on  the  structure  of  plants  were  first  carried  out  by  P.  Lesage,  witl 
the  result  that  in  most  cases  this  salt  caused  a  diminution  in  the  leaf 
surface,  an  increase  in  the  thickness  of  the  leaf,  a  lengthening  of  thi 
palisade-cells,  and  a  reduction  in  the  intercellular  spaces.  Also  increaset 
hairiness  was  observed  in  some  cases  by  Lesage. 

Experiments  with  cultures  and  a  thorough  investigation  of  the  Mala} 
littoral  flora  led  me  to  the  conclusion,  t/iat  titc  viorplwlogical  characteristic 
which  halophytes  exhibit  agree  %vith  those  of  pronounced  xerophytes,  evei 
when  the  former  grow  in  a  wet  soil,  for  example  in  littoral  swamps  ^. 

There  is  hardly  one  of  the  numerous  characteristics  capable  of  bein;| 
regarded  as  protective  means  against  transpiration  in  the  xerophytes  o| 
a  dry  climate  and  a  dry  soil,  that  is  wanting  in  halophytes,  and  this  quit 
'  Schi'.r.per,  I.  -  Schimper,  II.  =  See  also  p.  5  and  ft". 
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irrespective  of  the  fact  that  the  soil  is  more  or  less  wet,  for  the  quantity 
of  salt  in  such  cases  is  alone  the  determining  factor.  Thus  we  find  in 
halophj'tcs  the  reduction  of  the  transpiration  surface  that  is  so  common  in 
xerophj'tes,  as  we  have  already  described  them,  exhibited  in  their  external 
configuration,  and  also  in  their  internal  structure  in  the  diminution  of  the 
intercellular  spaces.  Moreover  in  halophj'tcs  the  following  are  more  or 
less  common  :  tlie  profile  position  of  the  leaves,  abundance  of  hairs,  thick 
outer  walls  of  the  epidermis,  storage-tracheids  in  the  leaves,  sunken  stoniata 
I'ith  protective  viechanisnis,  niucilage-cells,  and  especially  water-tissues. 
This  last  is  specially  adapted  to  guard  against  injurious  concentration  of 
salt  in  the  assimilating  cells,  and  consequently  increases  in  size  with  the  age 
of  the  leaves  and  with  the  absolute  increase  within  them  of  salt.  All  these 
xerophilous  characters  of  halophytes  become  weakened  in  ordinary  soil 
and  to  some  extent  completely  disappear. 

Besides  its  osmotic  effects,  sodium  chloride  also  undoubtedly  exercises 
a  chemical  action  on  metabolism.  Hansteen  has  shown  that  it  is  probable 
that  sodium  chloride,  as  well  as  potassium  chloride,  stands  in  a  certain 
relation  to  the  manufacture  of  proteids  from  amides  and  carbohydrates.' 
This  relation  is  not  always  the  .same,  as  it  sometimes  consists  in  a  retarda- 
tion and  sometimes  in  an  acceleration  in  the  manufacture  of  proteids.  In 
any  case  concentrated  solutions  of  chlorides  cause  abnormal  conditions  of 
nutrition,  and  finally  harmful  and  considerable  disorders.  The  protective 
means  against  transpiration  oppose  this  injurious  influence  by  delaying  the 
ncrease  in  concentration  during  sunlight ;  the  total  quantity  of  salt  in 
che  leaves  does,  it  is  true,  increase  with  their  age,  but  the  water-storing 
:issues  also  enlarge  simultaneously  and  with  increasing  energy  depress  the 
;oncentration  of  the  cell-sap  in  green  cells. 

Protective  means  against  transpiration  depend  on  adaptation,  and  during 
:he  course  of  ages  they  have  been  gradually  selected  as  useful  devices, 
ommon  salt,  however,  gives  rise  to  more  direct  and  intense  structural 
uodifications,  which,  being  exhibited  in  plants  that  do  not  grow  naturally 
n  salt  water  and  do  not  receive  any  benefit  from  them,  cannot  be  considered 
IS  adaptations.  Thus  Richter  observed  in  fresh-water  Algae,  which  he 
:ultivated  in  solutions  of  common  salt  of  gradually  increased  concentration, 
liat  a  considerable  increase  in  the  size  of  the  cells  was  quite  a  general 
eature.  and  in  many  cases  he  noted  modifications  in  configuration,  in  the 
hickness  of  the  cell-walls,  in  the  cell-division,  and  in  the  structure  of  the 
;hromatophores.  It  has  not  yet  been  ascertained  whether  this  was  a  case 
)f  specific  action  of  common  salt,  or  whether  other  salts  act  in  a  similar  way. 

At  one  time  I  supposed  that  common  salt  exercised  a  retarding  influence  on 
tssimilation,  or  at  least  on  the  manufacture  of  starch  and  glucose.  This  assumption 
las  become  much  less  probable  since  Stahl  demonstrated  that  non-halophilous 
)lants,  such  as  those  with  which  I  experimented,  close  their  stomata  in  the  presence 
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of  lart^e  quantities  of  salt  in  their  nutritive  solution  and  tluis  experience  a  materia 
diminution  in  their  assimilation.  Stahl's  supposition  that  halophytes  possess  stomats 
that  are  always  rigidly  open  is  not  confirmed  by  O.  Rosenberg's  more  recent  investi 
•rations.  The  share  taken  bystomata  in  transpiration  might  therefore  be  generallj 
less  than  Stahl  believed  himself  entitled  to  assume. 

ii.    HALOPHYTES^. 

The  amount  of  salt  contained  by  halophytes  is  not  exclusively  determined 
passively  by  that  of  their  substratum,  but  depends  chiefly  on  a  craving  foi 
salt  in  the  plant  itself,  since  plants  that  naturally  grow  in  such  localities  an 
in  ordinarj-  soil  also  in  the  habit  of  storing  up  larger  quantities  of  sodiuii 
chloride  than  most  non-halophytes.  There  are  however,  even  among  the 
latter,  a  few  species  with  this  tendency,  which  is  always  combined  with  the 
ability  to  support  larger  quantities  of  salt  than  other  plants  can  endure 
Many  of  these  salt-loving  species  growing  in  ordinary  soils  appeal 
occasionally  on  the  sea-shore  and  in  other  habitats  the  salinit)-  of  whicl 
keeps  other  plants  at  a  distance. 

Thus  the  roots  of  Beta  vulgaris,  according  to  several  analyses,  contain  as  mud 
3S  35-45%  of  chlorine  in  their  ash.  In  a  Cochlearia  grown  on  sandstone  4170/ 
of  chlorine  was  found  :  Crambe  maritima  grown  on  manured  land  took  from  i 
15-46%  ;  Apium  graveolens  up  to  22-14%  ;  Asparagus  officinalis,  a  facultative  halo 
ph3'te,  up  to  15%  ;  Eryngium  maritimum  up  to  19-30%.  In  the  ash  of  the  horse' 
radish,  however,  in  the  root  only  1-78%,  in  the  leaves  5-54  %,  of  chlorine  was  found 
The  micro-chemical  examination  for  chlorine  in  the  leaves  of  Indian  halophyte; 
cultivated  without  salt  in  the  Buitenzorg  botanic  garden  gave  an  intense  reactior 
in  fourteen  cases  and  onlj'  a  weak  one  or  none  at  all  in  seven  cases. 

It  is  worthy  of  note  that  halophj'tes  are  by  no  means  uniformly  distributed  amon| 
all  the  families  of  plants,  but  rather  occur  plentifullj-  in  certain  families,  while  ir 
others  there  are  few  or  none.  Certain  families  consist  chiefly  of  halophj'tes 
as  Chenopodiaceae,  Frankeniaceae,  Plumbagineae,  or  contain  large  numbers  0 
them,  as  Amarantaceae,  Aizoaceae,  Cruciferae,  Tamaricaceae,  Malvaceae,  Euphor 
biaceae,  Umbelliferae,  Rhizophoraceae,  Lythraceae,  Papilionaceae,  Convolvulaceae 
Compositae.  Of  families  and  groups  which  dislike  salt  niaj'  be  mentioned 
Amentaceae,  Piperaceae,  Urticineae,  most  Polycarpicae,  Rosaceae,  Melastomaceae 
Ericaceae,  Orchidaceae,  Araceae,  and  the  Pteridophyta  and  Bryophyta. 

According  to  our  present  data,  it  would  appear  as  if  the  representatives  0 
amilies  inclining  towards  halophily  were  generally  richer  in  chlorine  than  those 
of  salt-avoiding  families.  The  comparison  between  the  contents  of  chlorine  in  boti 
groups  of  families  taken  from  Wolff's  '  Ash-Tables '  is  in  favour  of  this  view.  But  the 
material  in  hand  is  not  yet  sufficient  to  warrant  final  conclusions. 

As  has  been  stated  before,  halophytes  can  thrive  on  ordinary  soil,  foi 
instance  on  garden-soil,  without  any  addition  of  common  salt.    Indeed  some 

'  Schimper,  II.     The  older  literature  is  theie  cited. 


;hap.  V]  THE   SOIL  91 

f  the  commonest  cultivated  trees  in  the  tropics  grow  under  natural 
onditions  only  on  the  saline  soil  of  the  sea-shore  ;  such  are  Cocos  nucifcra, 
yeas  circinalis,  Casuarina  equisetifolia.  Terminalia  Catappa,  Erythrina 
idica,  Caloph>-llum  InophyUum,  and  many  others.  There  can  be  no 
oubt  that  b}-  means  of  the  wind,  of  animals,  of  currents  of  water,  seeds  of 
alopli\"tcs  frcqucntl}'  reach  non-saline  soil.  They  would  there  find  con- 
enial  conditions,  if  their  competitors  did  not  hinder  them  from  establishing 
lemsclves  '.  The  competition  of  more  vigorous  plants,  however,  excludes 
:»lophytes  from  all  localities,  except  those  that  are  rich  in  salt. 

It  is  evident  that  the  struggle  for  space  has  always  been  most  severe  on 
)ils  that  offer  favourable  conditions  for  the  majority  of  plants.  In  the 
3urse  of  time  many  forms  have  been  driven  out  of  specially  favoured 
icalities  by  competitors  that  have  become  stronger  than  they.  Many  of 
lese  conquered  forms  have  perished,  while  others  have  owed  their  persistence 
I  certain  characters  by  means  of  which  they  were  enabled  to  colonize 
ihealthy  territories.  Thus,  of  the  expelled  plants,  those  were  able  to  find 
refuge  on  saline  soil  that  had  already  on  ordinary  soil  become  accustomed 

store  up  plenty  of  common  salt  and  had  thus  been  rendered  immune 
om  its  poisonous  action.    The  reduced  competition  on  saline  soil  permitted 
em  to  establish  themselves  permanently  there. 
The  property  of  storing  salt  and  existing  intact  on  saline  soil  does  not 

itself  of  course  render  it  impossible  to  continue  the  struggle  in  more 
vourable  habitats.  There  are  actualh'  a  number  of  species  of  plants  that 
:cur  equal!)-  in  saline  and  in  non-saline  habitats,  such  as  Asparagus 
ficinalis  and  Samolus  Yalerandi. 

4.  OTHER  EASILY  SOLUBLE  SALTS. 

Sodium  chloride  is  the  only  easily  soluble  salt  which  saturates  the  soil  in 
ncentratcd  solutions  over  extensive  areas.  Other  salts  of  similar  solubilit}' 
ipear  onl\-  locally  in  large  quantities  and  their  action  on  vegetation  is 
erefore  less  known.  The  presence  of  large  quantities  of  alum  in  the 
irm  swampy  soil  of  the  solfataras  of  Java  and  Japan  causes  the  appearance, 

the  centre  of  hygrophytic  regions,  of  xerophilous  plants,  which  are  not, 

in  ordinary  saline  soil,  in  part  peculiar  to  the  habitat,  but  are  individuals 
at  have  emigrated  from  the  nearest  habitat  of  xerophilous  plants.     Some 

them  are  plants  that  elsewhere  grow  as  epiphytes  on  dry  bark,  some  are 
emigrants  from  cool  dry  alpine  regions.  The  factors  which  render  xero- 
lilous  structure  a  condition  vital  to  these  plants,  are  evidently  the  same  as 
ose  in  the  case  of  common  salt,  namely,  difficulty  in  absorbing  water,  and 

urious  action  of  the  salt  in  the  assimilating  cells-. 

On  page  So  has  been  described  the  appearance  of  elsewhere  excUisive  littoral  halo- 
ytes  in  the  interior  of  Krakatoa,  where  there  is  not  yet  any  competition. 
See  Schimper,  I. 
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Saltpetre  also  induces  a  xerophilous  structure,  but  only  at  a  higher  co 
centration,  and  even  then  less  decidedly  than  common  salt.     This  differen 
favours  the  opinion  that  the  decided  nature  of  the  xerophilous  structure 
ordinary  halophytes,  must  partly  afford  protection  against  poisonous  salii 
action,  and  therefore  appears  sooner  than  in  the  case  of  saltpetre,  which 

injurious  only  when  more  highly  concentrate 
Such  a  concentration  is  not  usually  attained 
places  rich  in  nitrates,  at  any  rate  not  in  t 
case  of  plants,  such  as  many  Solanaceae,  Cru( 
ferae,  Chenopodiaceae,Fumaria,Sambucus  nigi, 
and  others,  that  have  a  tendency  to  store  sa 
petre  in  their  tissues,  and  usually  exhibit  a  rai 
growth  in   such   places.     The   nitrate   fields 
America,  however,  on  account  of  their  extrer 
dryness  possess  a  decided  xerophilous  flora. 


5.   SERPENTINE. 


F 


Serpentine,  a  very  slightly  soluble  silicate 
magnesium,  acts  in  such  a  way  on  two  Centi 
European  species  of  fern,  Asplcnium  viride  a 
A.  Adiantum-nigrum,  that  they  are  changl 
into  different  forms  which  have  for  some  tit 
been  taken  for  distinct  species.  Sadebe 
succeeded  in  obtaining  a  reversion  to  the  0 
ginal  form  by  cultivating  them  in  ordina 
soil,  but  not  until  the  sixth  generation  ;  t 
attempt  to  induce  any  corresponding  trat- 
formation  in  the  two  Asplenia  by  cultivati 
them  on  serpentine  however  failed.  It  is  the: 
fore  evidently  a  case  of  an  extremely  si 
progressive  action.  The  deviations  from  f 
normal  type  are  apparently  purely  morpl 
logical  without  any  ascertainable  use  to  t 
plant. 

Asplenium  adulterinum,  Milde  (Fig.  52),  the 
pontine  form  of  A.  viride,  assumes  in  many  respe 
an  intermediate  form  between  that  species  and 
Trichomanes.  For  instance,  the  rachis  is  bro 
below  and  green  a'bove.      Its  peculiar  habit   is  1 

to  the  extreme  convexity  of  the  leaflets  and  their  perpendicularity  to  the  rachis; 

two  allied  forms  have   somewhat  long  plane  leaflets,  parallel  to  the  rachis. 

according  to  Liirssen,  this  characteristic  is  not  constant.    Asplenium  serpent 

Tausch,    differs    from    the    typical   A.   Adiantum-nigrum    by   the   segments  be 


Fig.  52.  Asplenium  adulteri- 
num. Natur.il  size.  After  Liirs 
sen. 
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;cdge-shaped   at  the  base  and  by   liaviiig  more  delicate,   more   herbaceous,  dull, 
cciduous  leaves. 

Both  forms  must  be  considered  as  fully  adapted  to  their  subtratum,  for  tliey 
ourish  on  it  witii  the  greatest  vigour  and  abundance.  Asplenium  adultcrinum 
Iinost  entirely  suppresses  the  common  A.  Trichomanes  on  serpentine,  whilst  the 
riginal   form    A.  viride   has   been    only   exceptionally  observed.     The   typical    A. 

diantum-nigrum    sccnis    completely    absent 

om  serpentine.  Kalmus,  speaking  of  the 
;ation  of  A.  adulterinum  and  A.  Trichomanes 
car  Einsiedel,  says  that  tlie  latter  appears  to 
im  to  be  quite  a  little  people  which  is  only 
llowed  on  sufferance  by  its  superior  neigh- 
ours  and  relatives ;  and  Milde  makes  the 
illowing  remarks  about  the  same  plant : 
The  first  thing  that  struck  me  was  the  great 
ensity  of  its  growth,  partlj'  due  to  the  large 
umber  of  plants,  partly  to  the  immense  clumps 
•hich  the  plant  often  formed.  I  have  never 
bserved  such  vigorous  growth  in  A.  viride  and 
nly  very  rarely  in  A.  Trichomanes '.' 

6.  CALAMINE. 


The  action  on  plants  oflarge  quantities 
f  the  slightly  soluble  zinc  ore  usually 
iiown  as  calamine  (zinc  carbonate  and 
licate)  resembles  that  of  serpentine  in 
)  far  as  it  also  induces  hereditary  modi- 
cation  in  some  plants,  in  this  case  Viola 
itea  and  Thlaspi  alpestre,  the  physio- 
igical  and  oecological  connexion  of  which 
ith  the  nature  of  their  substratum  has 
^  yet  obtained  no  interpretation.  The 
lants  thus  modified  grow  on  a  zinc  soil 
I  great  numbers  and  lu.xuriance,  and  do 
Dt  overstep  its  limits. 


Fig.  53.  Viola  calaminaria. 
natural  size. 


Half 


The  calamine  violet,  Viola  calaminaria,  Lej. 
'.  lutea,   van   multicaulis,    Koch.)    (Fig.    53), 

tfers  from  other  forms  of  Viola  lutea  by  its  rich  ramification,  its  longer  stem, 
id  its  smaller  corolla,  which  however  varies  somewhat  in  size.  In  the  case 
Thlaspi  calaminare,  Lej.  et  Court,  the  petals  are  broader  than  those  of  the  type 
rm,  and  are  much  longer  than  the  sepals,  while  the  filaments  are  shorter  than  the 
pals.  The  zinc  in  the  soil  has  induced  in  the  one  form  an  increase,  and  in 
e  other  form  a  decrease  in  the  size  of  the  corolla. 

•  Sadebeck,  1,  11. 
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Besides  its  action  in  producing  special  varieties,  calamine  soil  is  also  distinguish^ 
from  that  of  other  neighbouring  localities  by  the  assemblage  of  plants  composin, 
its  flora.  Viola  lutea  is  completel3'  absent  from  the  Rhine  countn,-,  and  is  first  seei 
near  Lieo-e.  Alsine  verna.  also  common  on  calamine  soil  near  Aix,  is  still  furthe 
separated  from  its  other  localities.  Armeria  vulgaris  is  near  Aix  confined  t 
calamine  soils,  and  Silene  inflata,  van  glaberrima,  is  surprisingly  abundant  ani 
luxuriant  in  places  that  are  richest  in  zinc. 

Plants  of  calamine  soils  contain  zinc  in  all  their  parts;  Risse  found  13-12  %  of  zin 
oxide  in  Thlaspi  calaminare  ;  whilst  the  ashes  of  the  root,  stem,  and  flowers  contaii 
respectively  i-66,  3-28,  and  3-24%  of  zinc.  In  Viola  calaminaria  and  Arnieri 
vulgaris  Risse  found  the  largest  quantity  of  zinc  oxide  in  the  root  (1-52  and  3-58; 
respectivelj'  of  the  ash). 


7.  CALCIUM  CARBONATE. 

i.    ACTION  OF  CALCIUM  CARBONATE  ON  THE  METABOLISM 
AND  STRUCTURE   OF  PLANTS. 

Among  the  compounds  of  calcium  in  the  soil  are  some  important  nutritiv 
salts,  such  as  salts  of  nitric,  phosphoric,  and  sulphuric  acids  ;  also  insolubl 
completely  indifferent  substances  such  as  calcium  silicate  (labradoritf 
andradite,  and  others)  :  and  a  salt,  calcium  carbonate,  which  ahhough  no 
reckoned  as  a  plant-food,  yet  affects  the  metabolism  of  plants  and  con 
sequently  the  character  and  composition  of  the  vegetation. 

Lime  combined  with  carbonic  acid  occurs  in  nature  as  the  insoluble  anc 
neutral  calcium  carbonate  CaCO ,  and  as  the  soluble  bicarbonate  CaCoOgHj 
The  former  salt  cannot,  on  account  of  its  insolubility,  gain  admission  t 
plants ;  but  on  the  other  hand,  the  acid  salt,  which  results  from  the  actioi 
of  water  containing  carbon  dioxide  on  the  neutral  salt  and  therefor 
constantly  accompanies  it  in  the  soil,  is,  as  water-cultures  attest,  taken  u] 
by  the  plant  and  apparently  undecomposed  reaches  the  water-channel 
the  sap  of  which  usually  contains  calcium  carbonate.  On  the  othe 
hand,  it  is  very  probable  that  the  calcium  carbonate  often  richly  stored  ii 
the  cell- walls  of  active  plant  organs,  for  instance  in  cystoliths,  arises  a 
a  secondary  product  from  other  compounds  of  calcium,  for  exampl 
from  the  calcium  pectate  which  is  always  present  in  cell-walls  -  or  b; 
double  decomposition  from  the  nutritive  calcium  salts  (nitrate,  sulphatf 
or  phosphate).     The    calcareous    coatings   of  many  green  aquatic   plant 

'  According  to  another  theor)',  the  bicarbonate  does  not  occur  in  nature,  but  limt 
water  rather  contains  the  ordinary  calcium  carbonate  and  free  carbon  dioxide.  Th 
question  is  without  importance  in  geographical  botany. 

The  formation  of  calcium  pectate  in  living  cells  is  certainly  ascribable  to  processe 
similar  to  those  for  calcium  oxalate,  malate,  &c.  ;   cf  Schimper,  I,  II. 
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are,  on  the  contrary,  certainly  produced  by  the  decomposition  of  the 
bicarbonate  and  the  precipitation  of  the  insoluble  neutral  salt,  resulting 
from  assimilation '. 

Calcium  carbonate  is  present  in  all  soils  and  in  all  waters,  and  in  small 
[uantities  is  endured  by  all  plants.  No  appreciable  action  on  physiological 
processes  occurs  in  such  cases.  On  the  other  hand,  a  nutritive  solution 
'■ich  ill  calcium  is  poisonous  to  many  plants,  whilst  by  others  it  is  tolerated  in 
afferent  cases  to  a  greater  or  less  extent.  Those  plants  that  tolerate  larger 
.juantities  of  calcium  carbonate  have  their  metabolism  likewise  affected 
by  it,  and  consequently  often  undergo  visible  structural  modifications, 
"alciuni  carbonate  thus  acts  as  do  sodium  chloride,  serpentine,  and 
:alamine. 

The  poisonous  action  of  calcium  carbonate  on  manj-  plants  is  most  easily 
)roved  in  the  case  of  aquatic  vegetation.  A  supply  of  water  rich  in  calcium, 
or  instance,  suffices,  as  Sendtner  proved,  in  a  short  time  to  kill  the  species 
)f  Sphagnum  and  is  not  less  poisonous  to  other  aquatic  mosses.  The 
iame  holds  true  for  many  Algae  that  are  otherwise  common,  if  we  may 
udge  by  their  constant  absence  from  water  that  is  rich  in  calcium.  Many 
errestrial  plants  are  scarcely  less  susceptible.  Thus,  according  to  Christ, 
I  mere  sprinkling  with  water  rich  in  lime  sufliccs,  in  a  short  time,  to  kill 
3rosera  and  most  of  the  other  plants  associated  with  bog-mosses  on  peat- 
)0gs.  According  to  the  same  investigator,  Lomaria  Spicant,  AUosorus 
rispus,  Saxifraga  aspera,  Phyteuma  hemisphaericum,  Androsace  carnea, 
nd  many  others  behave  in  a  similar  way.  On  a  substratum  rich  in  lime 
•ierner  cultivated  various  plants  that  never  appear  on  a  calcareous  soil : 
they  at  once  sickened  and  died  without  blossoming.'  Among  trees,  the 
weet-chestnut  and  Pinus  Pinaster  cannot  tolerate  a  calcareous  soil ;  accord- 
ng  to  Chatin,  even  three  per  cent,  of  calcium  in  the  soil  is  fatal  to  the 
weet-chestnut. 

Plants  that  tolerate  large  quantities  of  calcium  owe  this  capacity,  as  in 
he  case  of  halophytes  in  relation  to  sodium  chloride,  to  a  power  of 
ccommodation  which  is  often  associated  with  visible  structural  modi- 
cations.  The  connexion  between  these  variations  and  the  influence  of 
alcium  can  be  explained  just  as  little,  either  physiologically  or  oeco- 
Dgically,  as  the  variations  induced  in  Algae  by  solutions  of  common  salt, 
r  as  the  production  of  peculiar  varieties  of  plants  on  calamine  and  serpentine 
Dils.  Possibly  we  may  also  include  under  the  same  category  of  chemical 
ifluences  certain  modifications  induced  by  parasitic  fungi  in  Euphorbia, 
anemone,  and  other  plants. 

The  first  experimental  investigations  into  the  influence  of  lime  on  the 
ructure  of  plants  were  carried  out  by  Bonnier,  after  he  had  noticed  that 
)nonis  Natrix,  on  soils  poor  in  calcium,  possesses  a  physiognomy  different 

'  Pringsheim,  op.  cit. 


96  THE   FACTORS  [Part  I 

from  that  which  it  exhibits  on  calcareous  soils  upon  which  it  usually 
grows. 

In  order  to  ascertain  whether  this  distinction  was  due  to  the  influence 
of  calcium,  comparative  cultural  experiments  were  undertaken  by  Bonnier 
in  which  seeds  from  one  and  the  same  parent  were  employed,  and  sown  on 
soil  poor  in  lime  (i  sand,  4  clay)  and  on  soil  rich  in  lime  (§  calcium 
carbonate,  i  sand).  The  resulting  plants  differed  in  appearance  according 
to  the  nature  of  the  substratum.  On  the  soil  rich  in  lime  they  formed 
taller  and  less  spreading  tufts,  broader  leaves,  shorter  sepals,  and  possessed 
a  colour  different  from  that  of  those  on  the  soil  that  was  poor  in  lime.  Ever 
histological  differences  also  were  observed.  The  plants  that  were  poor 
in  calcium  possessed  a  lignified  pith,  numerous  fibres,  and  thick  palisade- 
tissue  in  their  leaflets,  whereas  those  grown  on  calcareous  soil  produced 
an  unlignified  pith,  less  numerous  fibres,  and  looser  palisade-tissue. 

Numerous  observations  in  the  field,  especially  those  by  Fliche  anc 
Grandeau,  have  also  demonstrated  a  distinct  action  of  calcium  on  the 
structure  of  plants. 

These  observers  have  recorded  that  Robinia  Pseud-acacia,  which  is  a  plant  in 
different  as  regards  the  chemical  constitution  of  the  soil,  as  it  grew  in  the  forest  o 
Champfetu,  exhibited  the  following  variations  according  as  it  grew  on  soil  that  was 
rich  or  poor  in  lime :  the  wood  on  soil  poor  in  lime  assumes  a  brown  colour  afte; 
the  seventh  year,  but  on  calcareous  soil  not  until  after  the  ninth  year.  The  bar! 
is  thinner  and  denser  in  the  former  case,  the  sap-wood  bright  brown,  whilst  or 
calcareous  soil  it  is  yellow,  and  the  vessels  are  more  numerous  and  wider.  In  wood 
parenchyma,  starch  is  more  abundant  on  soils  poor  in  lime,  albuminates  men 
abundant  on  the  calcareous  soil.  The  pods  are  longer  and  much  broader  in  th( 
former  case,  and  more  lightly  coloured  than  on  calcareous  soil. 

Masclef  examined  specimens  of  Pteris  aquilina  which  were  grown  side  by  side  oi 
calcareous  and  clay  soils.  In  the  former  case,  the  rhizomes  were  shorter,  providec 
with  more  numerous  and  thicker  roots,  the  reserve  parenchyma  was  more  feebl; 
and  the  protective  tissues  more  strongly  developed.  I 

Timbal-Lagrave  and  Malinvaud  discovered  that  Asclepias  Vincetoxicum  is  repre' 
sented  by  different  races  on  calcareous  soil  and  on  soil  poor  in  lime. 

Hilgard  has  made  extensive  observations  in  North  America  on  the  influenc 
of  calcium  on  the  configuration  of  plants.  Quercus  ferruginea  and  Q.  obtusifolia  ar 
stunted  on  sand  and  on  black  prairie  soil,  but  tall  and  with  a  different  ramificatioi 
on  calcareous  soil.  According  to  Hilgard,  an  increase  of  the  lime  in  soils  increase 
the  yield  of  many  economic  plants,  especially  of  cotton. 

There  are,  up  to  the  present  time,  only  a  few  observations  available  a 
to  the  nature  of  the  influence  of  calcium  carbonate  on  plant-metabolisn': 
Yet  the  critically  conducted  and  extensive  researches  of  Fliche  ani 
Grandeau  1  have  made  the  first  substantial  advance  in  the  desire( 
direction. 

'  Fliche  et  Grandenu,  I,  II,  III. 
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The  observations  were  carried  on  in  tiie  forest  of  Champfetu  near  Sens,  where, 
n  a  small  area,  calcareous  soil  (chalk)  and  silicious  soil  (sand  and  sandy  clay) 
Iternatc,  because  the  clay  and  sand  overlie  the  chalk,  as  tertiary  strata,  forming 
ometinics  a  thick  deposit  and  sometimes  a  thin  one,  or  have  been  completely 
.■ashed  away.  The  area  in  question  had  been  planted  with  different  species 
f  forest  trees,  such  as  Pinus  sj'lvestris,  P.  Laricio,  larch,  silver-fir,  spruce,  oak,  birch, 
.liich  had  for  the  most  part  thriven  equally  well  on  each  of  the  strata  :  whereas  the 
laritime  pines  and  sweet-chestnut  trees  that  had  also  been  planted  grew  luxuriantly 
n  the  soil  that  was  poor  in  lime,  but  remained  stunted  on  the  calcareous  soil  and 
3on  died  ;  and  so  much  the  sooner,  the  thinner  the  upper  stratum  poor  in  lime, 
^'hercver  the  sandy  soil  poor  in  lime  was  absent,  both  trees  could  scarcely  live 
:  all. 

The  chestnut  trees  and  maritime  pines  on  the  calcareous  soil  differed  from  those 
n  the  sandy  soil,  not  onlj'  by  their  stunted  growth  and  bj'  the  abundance  of  their 
ead  twigs,  but  also  by  the  smaller  size  and  the  yellower  colour  of  their  leaves,  which 
the  case  of  the  chestnut  were  partly  white.  Thus  on  silicious  soil  the  pine  needles 
ereo-i75-o-iS9  m.  long  and  2  mm.  broad,  whilst  on  calcareous  soil  the  length  of  the 
eedles  was  between  0092  and  o-lll  m.  and  their  breadth  1-5  mm.  The  chestnut 
aves  on  clay  and  sandy  soil  were  up  to  0-253  ni-  long  and  0-072  m.  broad,  but  [on 
ilcareous  soil  at  the  most  0-149  '"•  long  and  0-056  m.  broad  ;  those  at  the  end  of  the 
■ig  were  much  smaller,  often  degenerate  and  nearly  white. 

The  analysis  of  the  soils  from  which  the  specimens  of  Pinus  Pinaster  had  been 
ken,  the  composition  of  whose  ashes  will  be  given  below,  gave  the  following 
suits : — 


NALYSIS   OF  SOILS   IN   THE  FOREST  OF   CHAMPFETU    UPON   WHICH 
PINUS    PINASTER   GREW    (after  Fliche  and  Grandeau). 

Silicious  clay  soil.  C.ilcareous  soil. 


Surface  soil.  Subsoil.       Surface  soil.  Subsoil. 

Water 1-75  1-66  2-90  2-46 

Organic  matter  ....         5-50  2-t)4  6-53  5-39 

Lime 0-35  0-20  3-25  24-04 

Magnesia 0-38  0-47  0-47  1-31 

Potash 0-07  0-03  0-04  o-i6 

Soda   ......        o-o6  0-04  0-03  0-07 

Phosphoric  acid  .         .         .        0-64  0-42  0-29  o-i8 

Residue  (silica,  clay,  ferric  oxidel      90-55  92-70  83-00  46-80 

Carbon  dioxide  .         .         .        0-70  1-64  3-54  19-59 

100  100  100  100 

In  the  analysis  of  the  ash  of  the  maritime  pine  grown  on  these   soils,  about  equal 
iumes  of  wood,  bark,  and  leaves  were   used.     For  the  purpose  of  comparison,  Pinus 

ricio,  which  prefers  a  lime-containing  substratum,  was  taken  from  the  calcareous  soil 
J  analysed. 

IIMPER  H 
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ANALYSIS    OF    ASH    OF    PINUS    PINASTER    ON    DIFFERENT   SOILS   IK 
THE   FOREST   OF    CHAMPFJETU    (after  Fliche  and  Grandeau). 

Films  Pinaster.  V.  Laricio. 


Silicioiis  clay 

soil 

Calcareous  soil. 

Calcareous  soil. 

Phosphoric  acid 

9-0O 

9-14 

11-33 

Silica 

•        . 

9-i8 

6-42 

7.14 

Lime  . 

40-20 

56-14 

49-13 

Ferric  oxide 

.         3-S3 

2-07 

3-29 

Magnesia 

20-09 

i8-8o 

13-49 

Potash 

16-04 

4-95 

13-56 

Soda  . 

Total 

Ash  %      . 

I-9I 

2-52 

2-24 

.     100-25 

100-04 

100-18 

1-32 

1-535 

2-45 

lalvsed  swe 

et-chestnuts 

grew  on  the  same 

soil  as  the  maritime 

pines.    Inthiscas 

leaves  and  wood  were  analysed  separately. 

ANALYSIS    OF   ASH    OF    CASTANEA   VESCA   ON    DIFFERENT   SOILS 
IN   THE   FOREST   OF    CHAMPFETU   (after  Fliche  and  Grandeau). 

Leaves.  Wood. 


Silicioussoil.  Calcareous  soil.    Silicioussoil.  Calcareous  soil. 


Silica 

Phosphoric  acid 

Lime 

Magnesia. 

Potash 

Soda 

Ferric  oxide 

Sulphuric  acid  . 

Chlorine    . 

Total 


Ash  %       . 
The  most  striking  po 


5-79 
12-32 

45-37 
6-63 

21-67 
3-86 
1-07 

2-97 
0-30 

99.98 


1-46 
12-50 

74-55 
3-70 
5-76 
066 
0-83 
0-00 
0-52 

99.98 


3-08 

4-53 
73.26 

3-99 
11-65 
0-00 
2-04 
1-43 

99-98 


1-36 
4-27 
87.30 
2-07 
2-69 
0-28 
1-27 
0-64 
0-08 

99.96 


4-80  7.80  4-74  5-71 

int  in  these  tabular  statements  is  the  great  diffei 
ence  in  the  quantities  of  Hme  and  potash.  Trees  groivn  on  silieious  so 
are  much  richer  in  potash  and  poorer  in  lime  than  those  grozmi  0 
calcareous  soil. 

The  authors  draw  from  these  observations  the  conclusion  that  abundanc 
of  lime  in  the  soil  retards  the  absorption  of  potash,  ivhereas  it  accelerati 
the  absorption  of  lime  and  thereby  produces  an  anomalous  condition  the 
is  prejudicial  to  the  plants. 

The  different  percentages  of  ferric  oxide  in  the  ashes  is  perhaps  significan 
altliough  it  is  less  striking  on  account  of  the  small  quantities  under  considerr 
tic  11.  Maritime  pine  and  stveet-chestnut  on  calcareous  soil  arc  much  poore» 
especially  in  their  leaves,  in  ferric  oxide  than  on  silieious  soil.     I  f  we  conside 
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in  relation  to  tliis  tlic  smaller  amount  of  chlorophyll  that  is  present  in  the 
lea\'es  on  the  calcareous  soil,  we  may  with  probability  conclude  that  in 
calciphobous  plants,  when  they  grow  on  calcareous  soil,  the  absorption  of 
iron  or  its  transport  through  the  plant  is  prejudiced,  and  thus  the  formation 
of  chlorophyll  is  checked.  Contcjean  has  also  observed  that  the  colouring 
of  Sarothamnus,  Ulex,  Calluna,  Anthoxanthum  Puellii  is  always  yellowish 
when  they  grow  under  such  conditions. 

The  physiological  causes  of  the  injurious  influence  of  calcium  carbonate  on 
certain  species  of  plants  are  rendered  more  comprehensible  by  the  researches 
of  Fliche  and  Grandeau  ;  but,  on  the  other  hand,  the  difference  in  the  be- 
haviour of  different  species  remains  quite  unexplained.  An  affinity  on  the 
part  of  calciphilous  plants  for  carbonate  of  lime,  similar  to  that  of  lialo- 
phytes  for  sodium  chloride  and  of  nitrophytes  for  saltpetre,  does  not  appear 
0  be  here  in  question  ;  the  quantities  of  lime  absorbed  from  the  same  soil 
3y  the  different  species  of  plants  are  indeed  as  a  rule  very  unequal,  but 
.vithout  any  perceptible  connexion  with  a  greater  or  less  capability  the 
slants  may  possess  of  thriving  on  a  substratum  that  is  rich  in  lime. 

In  the  planted  forest  of  Champfetu,  on  soil  poor  in  lime  (0-357^  CaO), 
here  are  found  growing  together  the  calciphilous  Cytisus  Laburnum 
vith  ::7-i5  °f  CaO  in  its  ash,  the  calciphobous  Ulex  europaeus  with 
■5'97  °L  CaO,  the  calciphobous  Sarothamnus  scoparius  with  2,5-03  °/^  CaO, 
nd  the  indifferent  Robinia  Pseud-acacia  with  58-97  °/^  CaO.  If  we 
onsider  that  the  laburnum  contains  only  half  the  quantity  of  ash  contained 
ly  the  other  species  it  follows  that  although  it  is  calciphilous  it  is  poorer 
n  lime  than  its  calciphobous  allies. 

ii.    CHARACTER   OF   THE  FLORA    ON  CALCAREOUS  SOIL. 

The  flora  of  a  district  the  superficial  soil  of  which  results,  in  some  parts, 
rem  rocks  poor  in  lime,  such  as  granite,  sandstone  or  slate,  and,  in  other 
•arts,  from  rocks  rich  in  lime,  exhibits,  in  the  flora  of  the  two  kinds  of  soil, 

contrast  that  at  once  strikes  the  eye,  although  many  plants  occupy 
oth  the  soil  rich  in  lime  as  well  as  that  poor  in  lime.  Of  plants  in 
-entral  Europe  strictly  confined  to  a  soil  poor  in  lime  are,  for  instance, 
"alluna  vulgaris,  Vaccinium  Myrtillus,  Sarothamnus  scoparius,  Scleranthus 
erennis,  Rumex  Acetosella.  Digitalis  purpurea  :  similarly,  of  species  found 
nly  on  calcareous  soil  there  are  Prunus  Mahaleb,  Aster  Amellus,  Hippo- 
repis  comosa,  Teucrium  montanum,  T.  botrys,  Globularia  vulgaris,  Epi- 
actis  rubiginosa.  Many  species  show  merely  a  decided  preference  for 
le  one  or  the  other  kind  of  soil,  without  confining  themselves  to  it  so 

nctly.  Thus  the  common  bracken  is  rare!)-  seen  on  calcareous  soil, 
".nthyllis  Vulncraria  and  Scilla  bifolia  rarely  on  soil  poor  in  lime — a  soil 
eing  considered  poor  in  lime  that  contains  less  than  3  "f^. 

Owing  to  the  injurious  influence  of  carbonate  of  lime  on  certain  species 
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of  plants,  their  absence  from  a  substratum  rich  in  lime  is  quite  compre- 
hensible. It  is  not  less  intelligible  that  many  species,  although  not  special!) 
requiring  lime,  are  restricted  to  a  calcareous  soil.  As  with  the  halophyte; 
in  relation  to  sodium  chloride,  it  is  the  fugitives  from  the  struggle  fo: 
existence  which,  on  a  silicious  soil,  are  unable  to  maintain  themselve; 
against  stronger  competitors,  but  endure  a  calcareous  soil  better  than  they. 

That  the  peculiar  character  of  the  flora  of  calcareous  soil  depends  ii 
the  first  place  on  its  chemical  properties  would  never  have  been  doubtec 
if  the  same  species  of  plants  always  behaved  in  the  same  manner  ;  this,  how 
ever,  is  only  to  a  limited  extent  the  case.  Only  those  species  to  which  lim 
is  poisonous  are  always  absent  from  a  calcareous  soil  ;  as  regards  othe 
species,  the  difference  between  a  lime-flora  and  a  siliea-flora  is  not  constan, 
as  it  is  betzvecn  halophytes  and  7ion-Iialophytes,  but  varies  with  the  locality 
In  a  region  with  several  kinds  of  soil,  but  with  the  conditions  determinin 
the  existence  of  vegetation  otherwise  the  same  throughout,  there  ar 
always  certain  species  of  plants  found  only  on  calcareous  soil,  and  other 
only  on  silicious  soil,  whilst  a  third  group  is  more  or  less  indifferent.  List 
of  the  three  groups  in  any  particular  district  will  be  only  partially  valid  i 
a  second  district.  Many  a  calciphobous  species  of  the  first  district  is  calc: 
philous  in  the  second,  or  the  reverse,  and  many  species  that  in  one  district  ar 
selective  in  the  matter  of  soil  appear  in  another  district  on  any  kind  of  soi 

Bonnier,  for  instance,  found  that  the  lists  which  had  been  drawn  u 
for  the  Swiss  Alps,  of  plants  more  or  less  confined  to  a  certain  kind  ( 
soil,  were  no  longer  completely  valid  in  Dauphinc.  Much  less  do  the}'  hoi 
good  for  the  Carpathian  mountains  or  for  Scandinavia.  Thus  the  larch  i 
Switzerland  and  the  Tyrol  prefers  the  most  primitive  rocks,  which  are  poc 
in  lime,  and  is  seldom  found  on  limestone ;  whilst  in  Bavaria  and  Salzbur 
it  is  quite  commonly  found  on  calcareous  but  not  on  silicious  soil ;  again,  i| 
the  Carpathian  mountains  it  grows  on  all  kinds  of  soil  indifferently. 

Literature  presents  a  fairly  large  number  of  similar  cases  :  '  Pinus  montana.  Mil 
in  its  varieties  uncinata  and  Pumilio,  is  a  decidedly  calcicolous  plant ;  there  [in  tl 
Swiss  Alps]  it  alternates,  markedly  according  to  the  substratum,  with  Alnus  viridij 
The  mountain  pine  produces  its  dwarf  forests  on  the  rubbly  slopes  of  the  limestor 
rocks,  whilst  the  alder  clothes  the  declivities  of  the  primitive  rocks.  In  the  Carp 
thians,  on  the  contrary,  the  mountain  pine  is  indifferent  as  to  the  soil'  (Chris 
The  following  species  are,  according  to  Wahlenberg,  confined  to  calcareous  soil  , 
the  Carpathians,  but  are  indifferent  in  Switzerland,  according  to  Christ:  Dry; 
octopetala,  Saxifraga  oppositifolia,  most  of  the  alpine  Leguminosae,  Gentiai 
nivahs,  G.  tenella,  G.  verna.  Erica  carnea,  Chamaeorchis  alpina,  Carex  capillar! 
Eupleurum  stellatum,  and  Phaca  alpina,  are  confined  to  calcareous  soil  in  tl 
Carpathians,  but  prefer  sihcious  soil  in  Switzerland.  Geum  reptans,  accordii 
to  Bonnier,  grows  in  Savoy  (Mont  Blanc)  exclusively  on  calcareous  soils,  in  Dauphii 
exclusively  on  silicious  soils  ;  in  Switzerland  it  appears  to  be  indifferent. 
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In  the  face  of  such  phenomena,  which  are  nuiltiplied  by  each  new 
investigation,  so  that  the  number  of  species  truly  characteristic  of  certain 
soils  becomes  more  and  more  reduced,  botanists,  in  the  middle  of  the 
nineteenth  century,  gradually  began  to  doubt  the  chemical  influence  of 
the  soil  on  the  character  of  the  flora  and  to  trace  back  the  difference 
between  the  floras  on  lime  and  on  silica,  respectively,  to  physical  factors. 
The  very  able  Swiss  investigator  Thurmann  for  a  time  carried  the  day 
with  his  '  physical  theory,'  which  completely  denied  the  chemical  influence 
not  only  of  silica  but  also  of  calcium  carbonate,  and  attributed  the  differ- 
ences in  the  flora  exclusively  to  those  in  the  humidity  and  consistency 
of  the  soil. 

Thurmann  distinguished  rocks  as  eitgeogenoiis,  which  supply  an  abundant 
detritus,  and  dysgeogeiioiis,  which  disintegrate  very  sHghtly  or  not  at  all  into  detritus. 
Hygrophytes  are  associated  with  eugeogenous  soil  and  xerophytes  with  dysgeogenous 
soil.  According  to  the  physical  consistence  of  the  detritus,  Thurmann  further 
distinguished  pclogciioiis  kinds  of  soil,  of  very  fine-grained  earthy  consistence,  and 
\psaiiiinogenoiis,  of  more  or  less  coarse-grained  sandy  consistence.  According  to  their 
degree  of  subdivision  pelogenous  soils  were  further  classified  as  perpelic,  licinipelic, 
oligopi/ic,  and  the  psammogenous,  similarly,  as  pcrpsainiuic,  Iit'iuipsaminic,  oligo- 
bsaminic.     Transition  states  between  the  two  groups  were  termed  pelopsmnmic. 

According  to  Thurmann  the  so-called  silicicolous  plants  are  hygrophilous  and  the 
:alcicolous  plants  xerophilous.  It  is  not  the  presence  of  silica  nor  of  lime,  but  the 
Dresence  of  larger  or  smaller  quantities  of  water,  that  determines  their  appearance, 
.vhilst  the  other  physical  differences  are  said  to  evoke  finer  distinctions  in  the  com- 
position of  the  vegetation. 

That  this  '  theory '  so  long  enjoyed  such  universal  assent  and  threw  the  '  chemical 
heory'  almost  into  oblivion  has  been- explained  by  Nageli,  who  in  1865  wrote 
I  masterly  paper  in  favour  of  the  'chemical  theory,'  as  due  to  the  fact  'that  the  prin- 
;iples  of  the  physical  theorj'  exhibit  a  certain  want  of  precision,  so  that  criticism  has 
lowhere  a  firm  basis  for  refuting  them  and  nothing  is  more  difficult  than  to  correct 
I  vague  proposition.'  Nageli,  however,  did  not  succeed  in  making  many  converts, 
md  this  chiefly  because  the  best  men  were  almost  entirely  occupied  with  laboratory 
vork,  whilst  others  at  that  time  fortunately  kept  away  from  such  general  questions. 
Only  since  1880  has  discussion  on  this  question  recommenced,  with  the  result  that 
he  '  chemical  theory '  has  now  been  indisputably  maintained,  being  supported 
Jy  a  correct  apprehension  of  the  problem,  as  well  as  by  better  material  from  field 
ibservations,  by  analyses  of  soils,  and  by  cultures. 

A  principal  cause  for  the  discredit  into  which  the  '  chemical  theory '  fell  is  to  be 
bund  in  the  then  prevailing  false  conception  of  the  influence  of  the  soil.  It  was 
issumed  that  lime-plants  require  as  food  lime  but  not  silica,  and  that  silica-plants,  on 
he  contrary,  require  silica  but  not  lime.  It  needs  no  longer  to  be  stated  that  such 
deas,  which  strange  to  say  are  still  held  by  some  geographical  botanists,  are  irre- 
:oncilable  with  facts. 

The  untenability  of  the  '  physical  theory '  follows  most  clearly  from  the 
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fact  that  even  when  the  physical  properties  of  the  substratum  are  identical, 
the  flora  varies  with  its  cliemical  properties.  On  the  rocks  of  a  stream 
in  granite  mountains  that  arc  poor  in  lime,  according  to  Boulay,  may 
be  observed,  for  instance,  Hypnum  dilatatum,  H.  ochraceum,  Brachy- 
theciuni  plumosum,  Amblystegium  irriguum,  Fontinalis  squamosa,  Rhaco- 
mitrium  aciculare,  Pterigophyllum  lucens.  One  would  look  in  vain  foi 
these  species  on  calcareous  mountains.  On  the  other  hand,  in  the  waters 
of  such  calcareous  mountains  many  species  absent  from  silicious  strata 
may  be  found,  such  as  those  of  Cinclidotus.  Not  less  essentially  distinct 
is  the  algal  flora,  even  the  surface  flora  (e.g.  the  Desmidiaceae),  of  water 
rich  in  lime  and  of  water  poor  in  lime.  In  all  such  cases  the  difference 
must  depend  on  the  amount  of  lime  in  the  water,  for  the  physical  nature 
of  the  substratum  is  the  same  in  the  case  of  the  superficially  attachec 
mosses  and  can  have  no  significance  at  all  in  the  case  of  the  floating 
Algae. 

The  difference  between  the  flora  of  sphagnum-moors  and  of  grass-moon 
is  also  very  instructive.  In  both  cases  the  substratum  is  peat ;  in  the 
former,  however,  it  is  saturated  with  water  that  contains  but  little  lime 
in  the  latter  with  water  rich  in  lime.  The  flora  of  the  two  moors  is  quite 
dissimilar.  Only  on  the  sphagnum-moors  are  found  Sphagnum,  Viok 
palustris,  Spergula  pentandra,  Drosera,  Vaccinium  uliginosum  and  V 
Vitis-Idaea,  Calluna  vulgaris,  Rhododendron  ferrugineum,  Pedicularis  sylva- 
tica,  Carex  dioica,  Aira  flexuosa,  Pteris  aquilina  ;  on  calcareous  moors 
on  the  other  hand,  Spergula  nodosa,  Pedicularis  palustris,  Erica  carnea 
Primula  Auricula,  Carex  Davalliana,  Sesleria  coerulea. 

A  great  dissimilarity  is  also  seen  between  the  mosses  and  licliens  that  grow  on  the 
surfaces  of  rocks,  according  as  the  latter  are  poor  or  rich  in  lime,  whilst  to  mos 
species,  if  not  to  all,  the  physical  nature  of  the  rock  is  irrelevant.  Thus  the  specie; 
of  Andreaea  are  all  calciphobous,  also  many  species  of  Rhacomitrium,  Grimmia 
Dicranum  ;  whereas  the  presence  of  certain  other  species,  especially  those  of  Barbulal 
Pottia,  Desmatodon,  Encalypta,  Gymnostomum,  entitles  one  to  infer  with  certaintjl 
the  existence  of  a  limestone  substratum.  Many  lichens  on  rocks  show  a  similai 
dependence  on  the  chemical  nature  of  the  substratum,  whilst  in  regard  to  others 
especially  those  developing  very  slowly,  great  durability  of  the  substratum,  a  physica 
property  in  fact,  is  said  to  be  the  determining  factor.  Lichens  of  the  latter  kind  are 
found  chiefly  on  granite  or  porphyry,  but  also  on  very  hard  crystalline  limestone. 

A  quartz  sand  possesses  physical  properties  that  are  quite  similar  to  those  o 
a  crystalline  calcareous  sand,  and  yet  both  have  their  thoroughly  characteristic  mosses 
the  former  for  instance  Brachythecium  albicans,  the  latter  Barbula  inclinata 
Not  less  dissimilar  is  the  moss- flora  of  clay,  according  as  it  is  poor  or  rich  ii 
lime,  although  the  physical  properties  of  the  two  are  very  slightly  dissimilar^ 
Thus  Sendtner  learned  to  consider  Ephemerum  serratum,  Phascum  crispum,  Pleuri-I 
dium  subulatum  as  so  calciphobous,  that  he  believed  their  presence  to  indicate  a  cla} 
suitable  for  a  brick-kiln. 
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The  assumption  tliat  forms  the  basis  of  the  whole  '  physical  theory ' 
of  soils,  that  calcicolous  plants  are  xerophilous  and  silicicolous  plants 
hygrophiloiis,  has  no  foundation.  Waters  rich  or  poor  in  lime  are  also, 
physiologically  considered,  equally  wet  ;  sphagnum-moors  and  grass- 
moors  arc  equally  moist.  But  even  on  a  substratum  of  earth,  there  are 
hygropliytes  on  calcareous  soil  and  xerophytes  on  soils  poor  in  lime. 
Indeed  on  basalt  the  condition  is  entirely  reversed,  as  silica-plants  occupy 
the  slightly  disintegrated  rock  as  xerophytes,  and  lime-plants  the  fine 
soils  as  h}-grophytes.  Instances  of  decided  hygrophytes  on  calcareous 
soil  arc,  for  instance,  Ranunculus  lanuginosus,  Arabis  alpina,  Moehringia 
muscosa,  Bellidiastrum  Michelii,  Campanula  pusilla. 

The  greatest  dependence  on  the  chemical  nature  of  the  substratum 
is  frequently  most  strikingly  contrasted  with  the  greatest  indifference  as 
regards  purel}-  ph\-sical  conditions.  Thus  Schultz  writes':  'A  series  of 
plants  are  characterized  by  their  ability  to  live  in  any  habitat,  from  the 
driest  rocky  soil  to  the  swampy  peat-meadow.  Most  of  these  are  peculiarly 
ime-needing  plants  ;  for  example,  Polygala  comosa,  P.  amara.  Astragalus 
danicus,  Phyteuma  orbiculare,  Gentiana  cruciata,  Prunella  grandiflora. 
Orchis  militaris,  Carex  flacca.'  According  to  Boulay,  Hypnum  chryso- 
phyllum  grows  in  all  stations  that  are  rich  in  lime,  in  swamps,  on  dolomitic 
>and,  on  dry  stones,  and  in  meadows.  On  the  other  hand,  Grimmia 
eucophaea  and  G.  trichophylla  grow  on  nearly  all  the  kinds  of  soil  as 
dassified  bj-  Thurmann,  on  the  one  condition  that  these  are  poor  in 
ime.  Achillea  moschata  and  A.  atrata,  in  the  regions  where  they  grow 
:ogether,  are  markedly  confined  to  one  kind  of  soil,  the  former  to  a  silicious 
■.oil,  the  latter  to  a  calcareous  soil,  yet  they  arc  quite  indifferent  as  to 
he  physical  characters  of  the  soil. 

From  what  has  been  said  it  follows  that  the  difference  between  the 
ime-flora  and  the  silica-flora  must  be  attributed  solely,  or  at  least  mainh^ 
o  the  chemical  characters  of  the  soil.  Here  also  must  we  therefore  seek 
or  the  key  to  the  enigmatical  phenomenon,  that,  according  to  the  environ- 
nent,  one  and  the  same  species  of  plant  shows  an  inconstant  relation 
0  the  chemical  nature  of  the  soil.  The  cause  of  this  different  behaviour 
:vidently  depends  on  the  fact  that,  as  has  been  shown  above  ^  a  plant 
'ro'cvn  on  a  substratum  rich  in  lime  is  an  organism  of  different  constitutioti, 
ind  tltcrefore  lias  different  physiological  qualities  and  a  different  oecology 
ram  a  plant  grown  on  a  substratum  that  is  poor  in  lime. 

Different  plant-organisms  differ  in  their  behaviour  in  relation  to  external 
nfluenees,  and  the  differences  in  nearly  allied  plants  are  as  great  as,  or 
nay  be  greater  than,  they  are  in  plants  which  are  not  allied.  Whatever 
nay  benefit  the  lime-form  of  a  species  will  therefore  frequently  favour 
he  silica-form  to  a  less  degree,  or  will  even  injure  it.  External  conditions, 
'  Schultz,  op.  cit.,  p.  43.  -  See  p.  95. 
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hoii'cvcr,  change  with  the  arca'^.  In  one  area  the  silica-form,  in  anothet 
the  lime-form,  is  better  adapted  to  local  conditions,  whilst  in  a  third  arei 
both  forms  may  be  able  to  maintain  themselves  in  the  struggle  for  existence 
Accordingly,  one  and  the  '  same  species  is  calciphobons  in  the  first  area 
calciphilons  in  the  second,  and  indifferent  in  the  third. 

An  instructive  example  of  the  dissimilar  physiological  properties  o 
the  lime-form  and  the  silica-form  of  the  same  species  of  plant  is  affordec 
by  Pinus  uncinata.  This  pine  in  its  lime-form,  at  least  in  Switzerlant 
and  Bavaria,  prefers  dry  gravel,  whilst   in  its  silica-form   it  avoids   stonj 

dry  spots  and  occurs  onl; 
on  moorlands.  In  othe 
regions,  with  a  different  cli 
mate,  probably  both  form 
would  behave  in  anothe 
manner. 

Nageli  and  Christ  hav 
proved,  in  the  case 
closely  allied  species 
Gentiana,  Achillea,  an 
Rhododendron:that  closel 
allied  plant-organisms  be 
have  very  differently  as  re 
gards  the  chemical  qualit 
of  their  substratum.  Thu 
in  Switzerland,  Gentian 
acaulis  is  calciphilous,  wher 
asthecloselyallied  Gentian 
excisa  (I'ig.  54),  which 
usually  considered  as 
mere  variety  of  the  forme 
is  calciphobous  ;  neither  1 
them  is  quite  exclusiv 
in  its  choice.  Similar  pairs,  although  less  like,  are  Achillea  atrata  an 
A.  moschata  (Fig.  55),  Rhododendron  hirsutum  and  R.  ferrugineun 
Androsace  pubescens  and  A.  glacialis,  Juncus  Hostii  and  J.  trifidu 
of  which  pairs  the  species  first  named  is  calciphilous.  Kerner  has  drawi 
up  a  long  list  of  such  parallel  species-.  I 

The  parallel  forms  are  usually  confined  to  their  respective  soils  in  tl: 
regions  where  both  occur,  but  are  indifferent  as  regards  their  choice  ( 
soil,  wherever  one  of  them  is  absent.     Nageli  ■'  has  ingeniously  indicate 

'  The  remarkably  great  susceptibility  of  a  plant-organism  to  insignificant  external  it 
fluences  foliows  from  Wettstein's  brilliant  researches  on  Gentiana  and  Euphrasia. 
"  Kerner,  I.  s  Nageli,  op.  cit. 


Fig.  54.  I.  Gentiana  excisa,  Presl.  Calciphobous.  2.  Gen- 
tiana acaulis,  L.  ex  p.  Calciphilous.  Two-thirds  of  natural 
size. 
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this  dissimilar  relation  by  means  of  the  example  of  Achillea  atrata  and 
A.  moschata. 

Achillea  moschata  excludes  A.  atrata  from  a  silicious  soil  and  is  itself  excluded  by 
the  latter  from  a  calcareous  soil.  On  the  other  hand,  either  of  them  grows  equally 
well  in  the  company  of  A.  Millefolium.     Evidently  the  two  first-mentioned  plants,  as 


if;} 


Fig.  55.   I.  Achillea  atrata.     Calciphilous.      2.  Achillea  moschata.     Calciphobons.     Natural  size. 

hey  are  externally  extremely  alike,  make  analogous  demands  on  the  environment. 
V  Millefolium,  however,  which  sj-stematically  is  further  removed  from  either,  does 
lot  compete  with  them,  because  it  is  dependent  on  other  conditions  of  existence, 
f  either  of  the  two  species  be  absent,  the  other  becomes  indifferent  as  regards  its 
hoice  of  soil. 
'In  Bernina-Heuthal  (Upper  Engadine),  A.  moschata,  A.  atrata,  and  xV.  Millefolium, 
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all  abound  ;  A.  moschata  and  A.  Millefolium  on  slate,  A.  atrata  and  A.  Millefolium  on 
lime.  Wherever  the  slate  passes  into  limestone,  A.  moschata  at  once  stops  and 
A.  atrata  begins.  Both  species  are  here  therefore  strictly  confined  to  one  soil ;  and 
this  I  have  also  observed  in  several  places  in  Bundten,  where  the  two  species  occur 
If  one  of  the  species  be  absent,  the  other  becomes  indifferent  as  regards  its  choice 
of  soil.  A.  atrata  then  inhabits  both  lime  and  slate  indifferently ;  the  same  fact  also 
applies  to  A.  moschata :  although,  as  it  appears,  this  species  does  not  thrive  so  well  on 
limestone  as  the  other  does  on  slate,  yet,  besides  occurring  on  the  primary  mountains, 
it  is  also  found  on  pronounced  lime  formations,  along  with  the  usual  characteristic 
vegetation.  In  Bernina-Heuthal,  I  found  in  the  midst  of  the  slate  that  was  stocked 
with  A.  moschata  a  large  fallen  block  of  limestone  with  a  layer  of  soil  on  it  hardlj 
an  inch  thick.  A  colonj'  of  A.  moschata  had  settled  on  it.  as  there  all  competition  with 
A.  atrata  was  excluded.' 

8.    HUMUS, 
i.     THE   CHEMISTRY  AND  PHYSICS   OF  HUMUS\ 

Only  a  few  natural  soils  consist  exclusively  of  mineral  matter,  only 
those  in  fact  that  are  quite  devoid  of  vegetation.  As  soon  as  plants  havf 
settled  on  a  mineral  substratum,  even  if  they  be  only  bacteria,  unicellulai 
Algae,  or  slowly  growing  lichens,  they  produce  by  their  death  and  decomposi 
tion  a  finely  grained  organic  substance,  which,  by  the  action  of  the  rain  and 
of  underground  animals,  becomes  gradually  and  closely  intermingled  with 
the  mineral  matter,  so  as  to  form  dark  earth,  or  ordinary  soil,  which  is  at 
once  distinguishable  by  its  nearly  black  colour  from  purely  mineral  detritus 

The  organic  products  of  decomposition  of  animals  and  plants  are  called 
humus.  During  the  process  of  humification  dead  animal  and  vegetable 
remains  produce  by  oxidation  carbon  dioxide  and  water,  the  latter  howevei 
in  much  greater  quantity  than  the  former,  so  that  the  residue  is  much  richei 
in  carbon  than  were  the  living  organisms.  If  sufficient  air  be  admitted! 
a  formation  of  ammonia  and  nitric  acid  takes  place  at  the  expense  of  thd 
protelds  ;  nevertheless  the  greatest  part  of  the  nitrogen  remains  combined  ii 
organic  compounds  that  are  decomposed  with  difficulty.  What  follow: 
here  is  chiefly  concerned  with  the  universal  and  important  vegetable  humu. 
only ;  animal  humus  is  of  mere  local  importance  in  determining  th> 
distribution  of  natural  vegetation,  and  will  be  discussed  separately. 

As  appears  from  the  foregoing,  humus  is  rich  in  two  of  the  most  im 
portant  constituent  elements  of  plants,  carbon  and  nitrogen,  which  occur  ii 
an  inorganic  nutrient  medium  only  in  a  condition  of  extreme  dilution 
These  nutritive  substances,  in  the  form  in  which  they  are  present  in  humu: 
however,  cannot  be  utilized  by  green  plants,  nor  indeed  by  any  of  th< 
higher  plants.  Only  certain  bacteria  and  fungi  can  assimilate  them  t> 
a  greater  or  less  extent,  or  resolve  them   into  simpler  compounds.     Man} 

^  See  especially  Ad.  Mayer  and  P.  MiiUer. 
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)hanerogams  and  ferns  have  utilized  this  property  of  lower  plants,  and  are 
hus  able  to  absorb  indirectlj-  from  humus  both  carbon  and  nitrogen ;  in 
feneral,  however,  these  substances  are  taken,  not  from  humus,  but  from 
he  carbon  dioxide  of  the  air  and  from  the  nitrates  of  the  soil. 

Of  more  general  importance  than  carbon  dioxide  and  nitrogen  to  most 
slants  are  the  ash-constituents,  which  humus  contains  in  a  more  con- 
:entrated  form  antl  in  a  better  state  of  meclianical  subdivision  than  do  the 
)urel}'  mineral  deeper  layers  of  the  soil.  The  wealth  of  humus  in  useful 
ish-constituents  depends  partly  on  the  amount  of  such  matter  in  the 
lecomposing  plant-parts,  and  partly  on  the  activity  of  earthworms,  which 
)ring  up  from  below  the  constituents  of  the  soil,  reduce  them  to  a  fine 
tate  of  division,  and  mi.x  them  with  humus  in  their  alimentary  canals.  If 
0  the  above  properties  of  humus  be  added  the  power  of  absorption,  we  can 
horoughly  understand  its  beneficial  effects  on  vegetation.  However,  as 
>ill  be  shown  later  on,  not  all  kinds  of  humus  possess  these  properties,  or 
orm  a  good  substratum  for  plant-life. 
The  organic  constituents  of  humus  are  as  yet  imperfectly  known.  Some 
ave  an  acid  character,  and  form  with  alkalis  soluble,  and  with  alkaline 
arths  insoluble,  dark-coloured  compounds.  Brown  humus-substances  arc 
omprehended  under  the  collective  name  ithiiic  acid,  and  the  blacker  ones 
nder  that  of  Iiuinic  acid.  The  neutral  constituents  of  humus  that  are 
isoluble  in  alkalis  are  termed  /iimius,  if  they  are  black,  and  hiiuiin,  if  they 
re  brown.  A  deficient  supply  of  oxygen  favours  the  formation  and 
ccumulation  of  acid  compounds  and  hence  the  formation  of  acid  hiiuius, 
hich,  in  contrast  with  mild  hiiiiuis  resulting  from  an  abundant  supply  of 
xygen,  does  not  permit  the  development  of  a  luxuriant  vegetation  that  is 
ch  in  species. 

Mild  Inniius  is  usually  loose  in  texture  and  is  then  termed  mould.     It  is 

itimately  mixed  with  mineral  constituents,  and  by  the  gradual  increase  of 

lese   it    insensibly  passes  over  into  the  purely  mineral    subsoil.     Mould 

curs  on  moderately  damp  fresh  soil  only,  and  attains  its  most  complete 

velopment  in  shady  forests,  where  the  earthworms  pass    it  continually 

irough  their  alimentary  canal  and  eject  it  in  the  form  of  separate  pellets 

ose    in    texture.      The    mould    in    forests    actually   consists   of  worm- 

■ccrements,  and  its  excellent  qualities  are  due  to  this  circumstance.     The 

ch  aeration  of  mould  leads  to  the  formation  of  highly  oxidized  neutral 

ibstances  ;  acids  form  only  about  a  sixteenth  of  its  organic  substance. 

Acid  hiiunis   is   usually  matured  in  the    form    of  peat.     The  latter,  in 

)ntrast  with  mould,  forms  a  cohesive  compact  crust,  which  lies  superposed 

1  the  mineral  laj-ers  of  the  soil,  without  gradually  passing  over  into  them. 

nly  the  abundant  humous  acids  that  are  soluble  in  water  penetrate  the 

ineral  soil  and  give  to  it  a  dark  colour.     In  opposition  to  mould,  which  in 

iny  weather  rapidly  becomes  saturated,  peat  is  only  slightly  permeable,  so 
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that  rain-water  collects  on  it  in  puddles.  With  persistent  rain,  however, 
it  becomes  full  of  water  like  a  sponge,  but  without  >-ielding  any  water  tc 
the  underlying  mineral  soil. 

Acid  humus  arises  whenever  the  supply  of  oxygen  is  only  slight,  namely 
on  soils  below  stagnant  water,  but  also  in  dry  sunny  stations,  where  earth 
worms  are  rare,  for  these  animals  would  prevent  the  humus  from  caking 
into  a  solid  mass.  For  the  same  reason,  peat  does  not  contain  the  minera' 
constituents  of  the  subsoil  which  are  intimately  mixed  with  the  humus  b> 
the  burrowing  activity  of  the  organisms  inhabiting  mould. 

Wet  peat,  or  peat  in  the  ordinary  sense  of  the  word,  is  characteristic  o 
moors,  dry  peat  of  heaths.  The  latter  may  be  differentiated  from  mooi 
peat,  as  heath  peat.  Dry  peat  is  also  found  in  forests,  as  soon  as  the  soi! 
has  dried  after  a  clearance  of  the  wood  and  the  worms  have  died  out ;  ir 
this  way  the  first  step  is  taken  towards  the  conversion  of  a  forest  intc 
a  heath.  Except  for  the  amount  of  water  they  contain,  the  difference 
between  the  heath  peat  and  moor  peat  does  not  seem  to  be  very  notice' 
able.  The  elevated  and  drier  parts  of  moors  bear  essentially  the  sam(j 
vegetation  as  true  heaths  on  dry  soil. 

ii.    THE  MYCORHIZA. 

Mould  and  peat  are  penetrated  in  all  directions  by  an  extraordinary 
tangle  of  mycelial  threads  belonging  to  various  forms  of  fungi,  hithertc 
rarely  identified  and  appearing  to  differ  from  one  another  in  the  differen 
kinds  of  humus.  These  fungi  can  exist  not  only  as  parasites  but  also  a: 
saprophytes,  and  form,  as  they  envelop  the  roots  of  the  higher  plants,  th' 
so-called  viycorhiza,  which  appears  to  possess  a  high  significance  in  th( 
physiological  processes  of  the  nutrition  of  many  forest  and  heath  plants 
it  is  in  fact  probable  that  the  fungus  acts  upon  the  organic  components  o 
the  humus  and  partly  transfers  them  in  an  assimilable  form  to  the  roots. 

Mycorhiza  was  discovered  by  Kamienski  in  Monotropa  Hypopity 
(F'gs.  56,  57)  and  in  Fagus  sylvatica  (Fig.  58)  and  its  importance  recognized 
Later,  Frank  as  well  as  Wahrlich,  Johow,  Schlicht,  Oliver,  Groom,  Janse 
and  others  demonstrated  the  constant  appearance  of  mycorhiza  on  manj 
other  phanerogams  and  on  pteridophytes,  some  of  them  green  and  soni' 
not  green,  and  it  was  assumed  that  these  plants  required  the  mycorhiza  fo 
their  normal  existence.     The  name  mycorhiza  was  invented  by  Frank. 

The  fungus  of  mycorhiza  forms  either,  as  a  mere  epiphyte,  a  thicl 
coating  round  the  root,  which  in  such  cases  is  devoid  of  root-hairs,  or  i 
lives  within  the  root  as  an  endophyte.  In  -both  cases  the  hj^phae  ar 
connected  with  the  mycelium  ramifying  in  the  soil  and  belonging  in  certaii 
established  cases  to  recognized  species  of  fungi.  Wahrlich  recognizee 
species  of  Nectria  (N.  Vandae  and  N.  Goroschankiniana)  in  the  mycorhiz, 
of  several  orchids,  whilst  Noack,  Reess,  and  Fisch  recognized  in  Elaphomyce 
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jranulatus,  and  Noack  also  in  species  of  Geaster,  Agaricus,  Lactaiius  and 
Tortinarius.  and  in  the  well-known  Agaricus  muscarius,  the  inj'corhizal  fungi 
)f  our  forest  trees. 

The  relations  between  fungus  and  root  are  symbiotic,  that  is  to  say, 
iseful  to  both  organisms,  at  least  in  the  case  of  endophytic  fungi,  for 
.'.  Groom's  observations  on  Thismia  lead  to  the  conclusion  that  the  pre- 
sence of  the  fungus  promotes  the  elaboration  of  proteids  in  the  root-cells, 
ind  that  between  both  organisms  an  exchange  of  nutritive  matter  occurs, 
ilthough  the  nature  of  this  is  unknown. 

The  relations  between  fungus  and  root  are  very  simple  in  epitrophic  mycorhizae  ; 
n  those  that  are  endotrophic,  on  the  contrary,  they  are  often  very  complicated.  As 
n  instance  of  the  latter,  the  mycorhiza  of  Thismia  Aseroe,  which  has  been  studied  in 
letail  by  P.  Groom,  may  be  described  somewhat  more  minutely  (Fig.  59).    The 


Fig.  56.  Monotropa  Hypopitys.     Portion  of  a 
young  plant.     After  Kamienski. 


Fig.  57.  Monotropa  Hypopitys.  Epi- 
dermis and  mycoihiza-fungus.  Magnified 
450.     After  Kamienski. 


oral-like  branching  root-system  has  a  fine  papillose  surface.  The  thin-walled 
eripheral  tissues  free  from  starch,  which  the  author  termed  the  sheath  (s/i.),  are 
aversed  longitudinally  by  a  few  fine  inj'celial  hj'phae.  Within  the  sheath  next 
ccurs  a  sharply  differentiated  laj'er  of  cells  (e.c),  all  of  which  contain  swollen 
yphae,  wound  round  in  a  kind  of  coil.  These  hyphae  are  externally  coated  with 
ytoplasm.  Inside  the  exocortex  (e.c.)  comes  the  limiting  layer  (/./.),  in  the  cells 
"  which  fine,  delicate  hj'phae  here  and  there  dilate  into  thick  vesicles  filled  with 
roteids.  An  inner  part  of  the  cortex  (mediocortex  iii.c.)  is  composed  of  two  or 
iree  layers  rich  in  starch  and  characterized  by  possessing  dead,  j'ellow  masses  of 
lycelium  in  all  its  cells,  except  those  containing  raphides.  The  endodermis  and 
mtral  cylinder  are  free  from  the  fungus. 

On  entering  from  the  sheath  into  the  deeper  lying  cells  the  terminal  point  of  the 
ycelial  thread  grows  directly  towards  the  nucleus.  In  the  medullary  layer  of 
le  cortex  (mediocortex),  where  the  relations  are  clearest,  the  starch  of  the  infected 
:11s  is  at  once  dissolved,  but  reappears  on  the  death  of  the  fungus.     The  latter 
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however  forms,  as  soon  as  it  comes  into  contact  with  the  nucleus,  a  vesicle  that  i 
egg-shaped  or  pear-shaped  and  becomes  filled  with  cytoplasm  and  nuclei  (Fig.  60 
After  a  time  the  contents  of  the  vesicle  become  disorganized  and  transformed  int 
a  yellow,  granular  mass.  The  nucleus  in  the  meantime  has  changed  its  position  i 
the  cell,  but  the  terminal  point  of  the  mycelial  thread  follows  it,  and,  in  contact  witl 
it,  repeatedly  forms  fresh  vesicles.  In  the  outer  region  of  the  cortex  the  hyphae  liv 
longer  and  exhibit  less  connexion  with  the  nucleus  or  (in  the  sheath)  none  at  al 
Groom  attributes,  without  doubt  correctly,  the  growth  of  the  terminal  point  of  th 


Fig.  flS.  Fagussylvatica.  Mycorhiza  with 
fungal  hyphae.  Magnified  9.'  After  Ka- 
mienski. 


Fig.  59.  Thismia  Aseroe.     Cortex  of  tlie  myo 
rhiza.     After  P.  Gi  00m. 


hyphae  in  the  direction  of  the  nucleus,  to  chemotropism.  The  same  thing  occui 
in  the  case  of  undoubtedly  parasitic  fungi,  for  instance  in  Puccinia  asarina  ar 
Hemileia  vastatrix,  the  fungus  of  the  coffee  disease,  and  is  quite  general  in  endi 
trophic  mycorhiza.  It  is  clearly  due  to  a  product  near  the  nucleus  arising  chiefly  in  tl 
inner  cortical  layers.  The  swelling  is  due  to  vigorous  nutrition,  for  a  similar  phen 
nienon  also  occurs  in  cultures  of  fungi  in  nutritive  solutions,  if  the  concentratic 
of  the  latter  be  increased.  That  the  solution  of  the  starch  is  to  be  associated  with  tl 
formation  of  proteids  in  the  vesicles  is  obvious  from  what  has  been  said  before. 
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Tlwe  can  be  no  doubt  that  the  fungus  derives  certain  nutritive  materials  from  its  host. 
That,  conversely,  matter  passes  from  the  fungus  into  the  cells  of  the  host,  is  proved  at  the 
death  of  the  vesicles,  ivhich  shrivel  up  as  they  give  out  a  liquid.  It  was  not  possible  to 
determine  what  the  latter  contains  in  solution,  or  what  is  the  composition  of  the 
granular  mass  that  remains  in  the  dead  vesicle  and  is  not  utilized  by  the  host. 

Most  plants  provided  with  a  niycorhiza  obtain  from  it,  in  any  case,  only 
a  portion  of  the  carbon  that  they  need.  Some  plants  however,  especially 
those  growing  in  deep  forest  shade,  are  entirely  dependent  on  themycorhiza 
and  have  lost  their  chlorophyll.  They,  like  fimgi  that  nourish  themselves 
directly  on  liumus,  arc  termed  saprophytes.  Plants  that  contain  chlorophyll 
but  nevertheless  require  the  organic  constituents 
of  humus  are  hcmisapropJiytcs.  an  intermediate 
stage  between  true  saprophytes  [Iwlosapropliytes] 
and  completely  autotrophic  plants.  Sapro- 
phytes will   be  discussed  in  a  future  chapter. 

iii.  CHEMICAL  DIFFERENCES  IN  HUMUS 
AND    THE  RESULTING   FLORA. 

The  floras  of  mild  and  of  acid  humus  are 
quite  dissimilar.  Many  species  may  be  at  once 
described  as  characteristic  of  the  one  or  the 
other  kind  of  humus  ;  for  instance,  for  mild 
humus,  Asperula  odorata,  Mercurialis  perennis, 
Milium  effusum,  Melica  uniflora,  Stellaria 
aemorum  ;  for  acid  humus,  Aira  flexuosa, 
Maianthemum  bifolium,  Mclampyrum  pratense, 
ind  several  mosses,  such  as  Hylocomium  tri- 
:iuetrum,  Polytrichum  formosum,  Leucobryum. 
In  the  very  acid  hiniuis  of  moors  the  vegetation 
issiimes  a  decidedly  xerophiloiis  eharacter,  beeaiise 
he  humous  acids  impede  the  absorption  of  ivater 
>y  the  roots. 

Mild  and  acid  humus  are  collective  terms  for  numerous  kinds  of  humus 
hat  vary  according  to  the  nature  of  the  decomposing  plants.  The 
lifferences  between  them  are  more  easily  discovered  by  the  fine  chemical 
uialysis  of  plants  than  by  the  rough  chemical  analysis  of  our  laboratories, 
iach  kind  of  humus  has  its  characteristic  species  of  plants.  There  are 
'lants  depending  on  the  different  kinds  of  humus,  as  on  the  mineral 
onstituents  of  soils — some  confined  to  one  kind  of  humus,  others  that  are 
ndifferent.  Many  species  of  plants  grow  only  on  the  humus  of  coniferous 
orests ;  for  instance,  Goodyera  repens  and  the  North  American  saprophyte 
chweinitzia  odorata.  Monotropa  H}'popit\-s  occurs  in  broad-leaved 
arests  almost  exclusively  in  its  glabrous  form,  in  coniferous  forests  in  its 


Fig.  6o.  Thismia  Aseroe. 
Two  cells  ot  the  niycorhiza. 
.A.fter  P.  Groom. 
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hirsute  form.     Thus  we  have  here  a  case  parallel  to  that  of  the  calciphilous 
Gentiana  acaulis  and  its  calciphobous  ally,  Gentiana  excisa. 

The  choice  of  the  substratum  goes  even  further  with  many  humus-plants, 
especially  among  the  lower  cryptogams.  Phanerogams  and  pteridophytes 
are  less  exclusive,  yet  I  always  found  Trichomanes  sinuosum  widely  spread 
in  tropical  America  and  growing  exclusively  on  tree-ferns,  and  the  North 
American  Epidendrum  conopseum  preferring  the  bark  of  magnolias  to  that 
of  other  plants. 

Among  mosses  growing  on  humus,  all  intermediate  forms  are  found 
between  those  making  a  promiscuous  choice  of  any  kind  of  humus  soil  to 
others  showing  quite  a  decided  and  often  highly  peculiar  exclusiveness. 
Decaying  tree-stems  have  their  characteristic  species  of  mosses,  such  as 
Plagiothecium  silesiacum  and  Buxbaumia  indusiata,  which  do  not  occur  on 
living  trunks  of  trees.  The  latter  have  again  a  rich  moss-flora  (for  instance 
Leucodon  sciuroides,  many  species  of  Orthotrichum),  the  components  of 
which  do  not  appear  in  other  habitats.  Most  epiphytic  mosses  are  not 
strict  in  their  choice,  although  many  are  limited  to  definite  kinds  of  trees. 
Thus  Orthotrichum  leucomitrium  occurs  only  on  conifers,  whilst  species  of 
Zygodon,  and  Barbula  latifolia,  appear  on  broad-leaved  trees  only.  More 
strict  in  their  selection  are,  for  instance,  Ulota  Drummondii,  which  has  been 
obsei-ved  only  on  Pyrus  aucuparia  ;  Orthotrichum  gymnostomum,  which  is 
attached  only  to  Populus  tremula ;  the  rare  Anacamptodon  splachnoides, 
which  hitherto  has  been  found  only  in  cavities  on  the  beech  left  by  fallen 
boughs.  The  Splachnaceae  almost  exclusively  frequent  animal  humus.i 
and  are  generally  very  strict  in  their  choice  ;  thus  Tayloria  splachnoides| 
occurs  on  decomposing  bodies  of  several  animals,  and  Tetraplodon  mnioides 
on  various  excrements ;  Tayloria  serrata,  on  the  other  hand,  only  on 
decomposing  human  excrement,  Tayloria  Rudolphiana  on  the  dung  of 
birds  of  prey  as  it  lies  on  the  boughs  of  trees,  Tetraplodon  urceolatus  on 
the  dung  of  sheep,  goats,  and  geese,  Splachnum  ampullaceum  on  cow-dung, 
Splachnum  luteum  and  S.  rubrum  on  that  of  reindeer. 

Saprophytic  fungi  comport  themselves  like  mosses.  Many  of  them  are 
seen  wherever  the  remains  of  plants  and  animals  are  decaying,  others  again 
are  confined  to  definite  substrata.  Thus  species  of  Marasmius  only  occui 
on  fallen  spruce  needles,  Antennatula  pinophila  only  on  fallen  silver-fit 
needles,  Hypoderma  Lauri  only  on  fallen  bay-leaves,  Septoria  Menyanthis 
only  on  the  submerged  decomposing  leaves  of  the  buckbean,  Poronia, 
punctata  only  on  cow-dung,  Gymnoascus  uncinatus  only  on  decomposing 
excrement  of  mice,  Ctenomyces  serratus  only  on  rotting  goose-feathers 
Onygena  corvina  only  on  the  down  of  birds  of  prey,  Onygena  equina  only 
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9.  LIVING  SUBSTRATA:    PARASITES. 

Many  plants  grow  purely  as  epiphytes  on  living  substrata  without  taking 
iny  material  from  them.  This  is  however  not  the  case  with  parasites,  the 
node  of  life  and  nutrition  of  which  will  be  described  in  a  later  chapter. 
-lere  mere!)-  the  relations  of  parasites  to  the  chemical  nature  of  the  sub- 
tratum  will  be  considered. 

Plant-parasites  occur  on  animals  as  well  as  on  plants,  but  the  species  are 
listinct  in  the  two  cases.  In  other  respects,  parasites,  like  plants  growing 
in  humus,  are  sometimes  very  strict,  and  sometimes  less  so,  in  their 
hoice  as  regards  the  chemical  nature  of  the  substratum.  The  common 
iiistletoe,  Viscum  album,  occurs  both  on  conifers  and  on  broad-leaved  trees, 
isually,  however,  in  distinct  varieties  ;  the  typical  form  with  white  berries 
irefers  broad-leaved  trees,  a  form  with  yellow  little  fruits  (V.  laxum)  is,  on 
he  other  hand,  more  or  less  confined  to  conifers.  Loranthus  europaeus 
ttacks  oaks  and  chestnuts ;  Arceuthobium  0-X}'cedri,  in  Europe,  is 
onfined  to  Juniperus  O.xycedrus,  but  in  North  America  to  certain  species 
f  Pinus. 

The  different  species  of  Orobanche  comport  themselves  very  differently, 
"hus  O.  minor  was  found  by  G.  Beck  on  fifty-eight  different  species  of 
lants,  O.  ramosa  on  thirty-five,  whilst  many  other  species  of  this  genus  are 
onfined  to  certain  definite  hosts  ;  for  example,  O.  Rapum  to  Sarothamnus 
:oparius. 

Many  fungi  attack  indifferently  plants  or  animals  belonging  to  natural 
rders  wide  apart,  others  have  a  larger  or  smaller  circle  of  nearly  allied 
osts,  such  as  Claviceps  purpurea  on  grasses,  Cordyceps  cinerea  on  species 
f  Carabus.  Others  are  strictly  confined  to  one  species  of  host,  such  as 
eronospora  Radii  on  Pyrcthrum  inodorum,  Laboulbenia  Baeri  on  the 
ouse-fly. 

So  far  as  is  kno\vn,  such  exclusive  relations  are  limited  to  natural 
jnditions.  Brefeld  succeeded  in  growing  several  strictly  parasitic  fungi  as 
iprophytes  and  Moller  in  cultivating  lichens  without  Algae,  just  as  it  has 

en  found  possible  to  rear  in  the  garden  haloplu'tcs  that  in  nature  are 
)nfined  stricth'  to  a  richly  saline  soil. 

On  the  whole,  in  their  choice  of  a  substratum,  parasites  and  saprophytes 
>;hibit    dift'erences  similar  to   those    among   plants   that   are   rooted   in   a 

ineral  soil,  and  a  comparison  between  the  two  classes  is  very  instructive 
i   regards    the    significance    of   the    chemical    nature  of  the  substratum. 

mong  the  plants  that  grow  on  mineral  soil  we  have  learned  to  distinguish 
>me  that  behave  themselves  quite  indifferently  as  regards  soil,  some  that 
low  a  more  or  less  decided  preference  for  certain  chemically  definite  kinds 

soil,  and  some  that  appear  always  dependent  on  the  presence  of  large 
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quantities  of  definite  mineral  substances,  such  as  common  salt  or  carbonattl 
of  lime.  Mutatis  mutandis,  the  same  holds  good,  but  with  a  greate:' 
diversity,  for  plants  growing  on  an   organic  substratum. 

We  found  in  particular  among  lime-plants  the  phenomenon,  at  firs 
sio"ht  puzzling,  that  one  and  the  same  species  in  dift'erent  localities  mad' 
quite  difterent  demands  as  to  the  chemical  nature  of  the  substratum.  Th(i 
same  phenomenon  also  occurs  in  relation  to  many  parasites.  The  mistletoi 
in  many  districts  attacks  onl>-  the  silver-fir,  in  others  only  broad-leavec 
trees.  Loranthus  europaeus  in  Bohemia  grows  only  on  the  oak,  in  the 
East  on  the  chestnut  also.  Puccinia  sessilis  on  Convallaria  majalis,  P 
Digraphidis  on  Polygonatum  multiflorum  and  Maianthemum  Convallaria 
P.  Paridis  on  Paris  quadrifolia,  are  in  many  regions  strictly  confined  t( 
their  usual  hosts;  in  other  regions,  however,  they  grow  indiscriminate!} 
on  Convallaria,  Polygonatum,  Maianthemum,  or  Paris,  and  are  thus  in 
different  as  to  substratum  (Magnus).  A  similar  condition  holds  good  fo 
many  other  fungi.  There  cannot  be  a  doubt  but  that,  as  in  the  case  o 
plants  in  relation  to  lime  and  other  mineral  salts,  here  too  difterences  ii 
organization  come  into  play,  which  differences  in  turn  correspond  to  d: 
similar  requirements  as  regards  the  conditions  of  life.  Such  changes  is 
organization  are  not  always  open  to  ocular  demonstration^  as  in  many  case 
they  are  confined  to  the  most  minute  structure  of  the  protoplasm  and  ar 
beyond  the  reach  of  our  means  of  observation.  There  are,  however,  specie 
of  rust-fungi  that  in  certain  stages  of  their  development  agree  with  on 
another  completely,  but  in  other  stages  distinctly  and  constantly  differ  ani 
are  purely  '  physiological '  species  ;  they  can  be  distinguished  from  on 
another  by  no  morphological  character,  and  yet  show  a  decidedly  specifi 
character  in  that  they  are  connected  with  different  host-plants  and  lack  an; 
power  of  reciprocal  interchange  (Eriksson). 
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I.  Geographical  Distribution  of  the  Arrangements  for  Pollination,  i.  Onii- 
'hophilous  FloiL'Cis.  Fritz  Miillers  aud  Belt's  discovery  of  liumming-bird  flowers. 
5un-birds  as  pollinators.  Scott-Elliot's  observations  in  South  Africa.  Ornithophily 
n  New  Zealand.  Feijoa,  a  plant  with  sweet  petals.  ii.  Entoinoplnloiis  Flowers. 
different  pollinators  in  lowlands  and  in  mountain  ranges.  Hermann  Miiller's  observa- 
ions.  Decrease  of  entomophily  in  arctic  countries.  Insular  floras  and  their  pollinators, 
.ong-tubed  Lepidopteron-flowers  characteristic  of  the  tropics.  Special  adaptations. 
I'ucca  and  its  pollination  by  moths.  Species  of  Bulbophyllum  near  Singapore.  2.  Plants 
md  Ants.  i.  Ants  as  culth'ators  of  Fungi.  Leaf-cutting  ants  in  tropical  America. 
Their  nests  and  fungus-beds.  Other  ants  that  cultivate  fungi,  ii.  Myrmecophily.  Belt's 
liscovery  of  myrmecophilous  plants.  Acacia  cornigera  and  A.  sphaerocephala.  Cecropia 
denopus.  Proof  of  the  utility  of  ants  as  protectors  of  plants.  Other  plants  with  axial 
labitations.     Plants  in  which  leaves  produce  the  habitations.     Extra-floral  nectaries. 

The  adaptations  of  plants  to  the  animal  kingdom  form  an  extensive 
nd  largely  investigated  domain  of  oecology ;  the  geographical  and 
opographical  aspects  of  the  question  have  been,  however,  only  slightly 
onsidered,  although  there  can  be  no  doubt,  and  it  has  been  actually 
roved  in  certain  cases,  that  differences  in  the  animal  world  cause  differ- 
nces  in  the  plant  world.  In  the  matter  of  the  pollinating  mechanisms 
nd  the  relations  between  plants  and  ants  a  very  promising  start  has 
uite  recently  been  made  in  the  direction  just  mentioned.  As  regards 
he  mechanism  for  the  dispersal  of  seed,  a  connexion  between  the 
istribution  of  certain  animals  and  plants  has  been  affirmed  in  certain 
idividual  cases,  but  the  question  of  the  relations  of  size,  form,  taste, 
olour,  and  other  properties  of  fruits,  to  the  requirements  of  the  animals 
iiat  feed  on  them  has  not  )'et  been  touched  upon.  The  multifarious 
rotective  means  of  plants  against  destruction  b\-  animals,  so  far  as  they 
lay  characterize  districts  and  their  separate  formations,  have  been  at  best 
pproached  quite  hj-pothetically,  except  in  the  case  of  ants ;  and  the 
■henomena  regarding  them  have  hitherto  only  exceptionally  formed  the 
ibject  of  serious  scientific  inquiry.  Stahl's  admirable  work  on  '  Plants 
nd  Snails ' '  will,  it  is  hoped,  stimulate  further  research,  which,  if  attention 
e  paid  to  geographical  questions,  will  certainly  lead  to  valuable  results. 

'  Pflanzen  und  Schnecken,  Jena,  18SS. 
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I.    GEOGRAPHICAL  DISTRIBUTION  OF  THE  ARRANGE- 
MENTS FOR  POLLINATION. 

By  the  investigations  of  K.  Sprengel  and  Darwin,  which  have  been  so 
well  supplemented  by  those  of  Fritz  and  Hermann  Miiller,  Delpino, 
Hildebrand,  and  many  others,  it  has  been  definitely  proved  that  many 
flowers  require  for  their  pollination  the  assistance  of  certain  animals, 
sometimes  insects,  more  rarely  birds,  and  that  they  owe  many  of  their 
peculiarities  to  this  circumstance. 

Numerous  flowers  are  robbed  and  pollinated  by  the  most  varied  visitors, 
as  their  pollen  and  nectar  are  offered  freely  to  all,  or  are  easily  accessible. 
Other  flowers  are,  in  a  greater  or  less  degree,  adapted  to  certain  definite 
visitors,  either  because  their  allurements  presuppose  characteristic  tastes, 
or  the  access  to  their  nectar  is  only  possible  to  visitors  possessed  of  a 
certain  bodily  shape  or  of  certain  faculties.  When  adaptations  of  the  latter 
kind  are  connected  with  animal  forms  of  restricted  distribution,  the 
presence  or  absence  of  such  adaptations  is  characteristic  of  the  vegetation 
of  definite  districts. 

i.  ORXITHOPHJLOUS  FLOWERS. 

The  greatest  phytogeographical  interest,  at  least  from  the  present  point 
of  view  of  our  knowledge,  is  attached  to  the  adaptations  of  flowers  to 
pollination  by  birds,  because  birds  that  visit  flowers  are  restricted  to 
certain  definite  districts.  Chiefly  three  classes  of  birds  come  thus  under 
consideration — humming-birds  (Trochilidae),  sun-birds  (Nectariniidae),  and 
honey-suckers  (Meliphagidae),  although  individual  birds  of  other  families 
also  play  the  part  of  pollinators. 

Humming-birds  are  restricted  to  America.  Only  in  the  fantasy  of 
certain  flower-biologists  are  they  ever  seen  swarming  round  flowers  ini 
Africa  and  Asia.  Their  importance  as  pollinators  was  first  hypothetical!}' 
mentioned  by  Delpino,  but  first  proved  in  1870  by  Fritz  Miiller,  who 
observed  humming-birds  as  pollinators  on  species  of  Combretum,  Manettia, 
and  Passiflora,  in  Santa  Catharina.  Belt  then  wrote  \  as  a  result  of  careful 
observations  in  Nicaragua,  the  first  complete  descriptions  of  humming- 
bird flowers.  I 

'  Higher  up  the  valley  more  trees  were  left  stanching,  and  amongst  these  small, 
flocks  of  other  birds  might  often  be  found,  one  green  witli  red  head  (Calliste 
laviniae,  Cass.);  another  shining  green,  with  black  head  (Chlorophanes  guatema- 
!?■''■'■=''•     and    a   third,  beautiful    black,    blue    and    yellow,    with    a    yellow    head 

'  Belt,  I,  p.  12S. 
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Calliste  larvata,  Du  Bus.).  These  and  many  others  were  certain  to  be  found 
.-here  the  chmbing  Marcgravia  unibellata  expanded  its  curious  flowers  (Fio-. 
)i).  The  flowers  of  this  lofty  climber  are  disposed  in  a  circle,  hanging  down- 
vards,  like  an  inverted  candelabrum.  From  the  centre  of  the  circle  of  flowers 
s  suspended  a  number  of  pitcher-like  vessels,  which,  when  the  flowers  expand, 
n  February  and  March,  are  filled  with  a  sweetish  liquid.  This  liquid  attracts 
nsects,  and  the  insects  numerous  insectivorous  birds,  including  the  species  I 
ave  mentioned  and  manj'  kinds  of  humming-birds.  The  flowers  are  so  disposed, 
.-ith  tlic  stamens  hanging  downwards,  that  the  birds,  to  get  at  the  pitchers,  must 
irush  against  them,  and  thus  convey  the  pollen  from  one  plant  to  another.  A 
ccond  species  of  Marcgravia,  that  I  found  in  the  woods  around  Santo  Domingo, 
as  the  pitchers  placed  close  to  the  pedicels  of  the  flowers,  so  that  the  birds  must 
pproach  them  from 
bove;  and  in  this 
pecies  the  flowers 
re  turned  upwards, 
nd  the  pollen  is 
rushed  off  by  the 
reasts  of  the  birds.' 

he  ornithophily  of  a 
Decies  of  Erythrina 

as  also  establislicd 
yBelt:  .  .  .  'Many 
owers,liketheMarc- 

■avia,  are  specially 
iaptcd  to  secure  the 

d  of  small  birds,  par- 

ularly     humming- 

rds,    for   this    pur- 

ise.  Amongst  these, 

e     "  palosabre,"    a 

lecies  of  Erythrina, 

small  tree,  bearing 

d      flowers,      that       Fig 

ew   in   this  valley, 

ar       the       brook, 

ten     drew    my    attention.      The    tree     blooms     in     February,    and     is    at    the 

ne   leafless,    so   that   the    large    red    flowers    are   seen    from    a    great    distance. 

ich  flower  consists  of  a  single  long,  rather  fleshy  petal,  doubled  over,  flattened, 

d  closed,  excepting  a  small  opening  on  one  edge,  where  the  stamens  protrude. 

ily  minute  insects  can  find  access  to  the  flower,  which   secretes  at  the  base  a 

'ney-like  fluid.     Two  long-billed  humming-birds  frequent  it;    one  (Heliomaster 

llidiceps,  Gould),  which   I   have   already  mentioned,   is  rather  rare;    the  other 

haethornis  longirostris,  De  Latt.)  might  be  seen  at  any  time  when  the  tree  was 

bloom,  by  watching  near  it  for  a  few  minutes.' 

Since    Belt's    classical    description    and    the    unfortunately    very    short 


6i.    Marcgravia  unibellata.     Inflorescence  adapted  for  pollination 
by  humminij-birds.     Natur.il  size.     After  Flora  Brasiliensis. 
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communications  of  F.  Muller,  the  knowledge  of  humming-bird  flowers 
has  not  made  any  considerable  progress,  for  the  surmises  of  severa' 
biologists  formed  far  away  from  the  home  of  humming-birds  cannot  be 
considered  as  such.  The  share  taken  bj-  humming-birds  in  causing  thf 
peculiarities  of  many  American  flowers  can  be  ascertained  only  by  carefu 
and  critical  investigations  on  the  spot.  Undoubtedly  these  brilliantlj 
coloured  pollinators  show  a  preference  for  red,  especially  for  fiery  rec 
colours  ;  in  regions  where  humming-birds  abound,  for  instance  th( 
Antilles,  I  have  rarely  seen  a  woody  plant  resplendent  in  the  sun  wit! 
the  beauty  of  its  red  flowers  without  also  being  able  to  detect,  with 
little  patience,  humming-birds  on  it.  I  vividly  remember  having  seen,  ii 
Trinidad,  Norantea  guianensis  resplendent  with  scarlet  nectaries  and  witl 
humming-birds  swarming  round  it.  I  have  even  observed  these  visitor. 
on  the  peculiar,  large,  deep  carmine  flowers  of  Couroupita  guianensis 
In  the  garden  of  a  house  on  the  coast  of  Massachusetts,  where  I  livec 
in  the  summer,  every  day  I  could  See  the  single  indigenous  species  o 
humming-bird  (Trochilus  colubris)  frequenting  the  deep  carmine  flower 
of  a  shrub  of  Weigela.  This  preference  for  red  does  not,  howevei 
exclude  visits  to  flowers  that  are  dift'erently  coloured  ;  for  the  flower 
of  the  species  of  Marcgravia  that  I  know  are  of  a  dull  brownisl 
colour. 

Kerner  endeavours  to  establish  an  essential  connexion  between,  on  the  on 
hand,  the  wealth  of  the  American  flora  in  plants  with  red  blossoms,  and  on  th 
other,  the  presence  of  humming-birds.  But  what  is  the  nature  of  this  wealth 
Certainly  an  uninitiated  person  landing  at  a  tropical  American  port  and  seein 
the  '•  Flame  of  the  Forest "  (Poinciana  regia)  in  a  blaze  of  blossom  would,  afte 
a  well-known  example,  be  inclined  to  conclude  that  in  tropical  America  th 
trees  have  red  flowers.  But  this  most  brilliant  of  all  red-flowered  trees  is  <' 
East  Indian  origin,  as  are  many  other  plants  which  make  a  scarlet  display  • 
flowers  and  are  commonly  cultivated  in  warm  countries  as  ornamental  plant 
I  did  not  receive  the  impression  that  the  red  colour  is  more  prominent  in  ti. 
American  than  in  the  Malayan  flora. 

Since  sun-birds,  which  live  in  the  greatest  part  of  Africa,  in  tropical  Asia,  ar 
in  Australia,  have  also  proved  to  be  flower-pollinators  and  have  a  similar  prefereni 
for  red  tints,  the  question  at  any  rate  may  be  asked,  whether  the  actually  great. 
wealth  in  bright  red  flowers  and  bracts,  that  distinguishes  the  warm  zone  fro 
the  north  temperate  zone,  is  connected  with  ornithophily.  To  the  flowers  th 
are  so  distinguished  belong,  in  America,  among  others,  those  of  numeroi 
Bromeliaceae,  especially  species  of  Aechmea  and  Vriesea  ;  in  the  Malay  Archipelag 
the  Zingiberaceae.  I  have  never  seen  any  birds  close  to  these  flowers.  Tl 
Bromeliaceae  w-ith  coloured  bracts,  so  far  as  I  have  seen  them  in  their  nati 
habitats,  live  only  in  shady  places,  where  the  sun-loving  humming-birds  a 
seldom  seen,  and  the  Malayan  Zingiberaceae  do  not  appear  outside  the  deepe 
forest  shade,  where  sun-birds  would  be  sought  for  in  vain. 
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A  role  quite  similar  to  that  of  humming-birds  in  the  New  World  is 
(layed  by  the  Nectariniidae,  or  sun-birds,  in  the  warm  zone  of  the  Old 
Vorld,  but   only    in   tropical    and    Southern  Africa    do    they   appear    in 

comparable  number  of  species  and  individuals.  The  relations  of  sun- 
lirds  to  flowers  were  investigated  in  South  Africa  by  Scott-Elliot,  whose 
xcellent  works  have  first  opened  out  for  us  a  closer  insight  into  the 
tructure  of  ornithophilous  flowers.  The  South  African  sun-birds,  accord- 
ig  to  Scott-Elliot,  are  excellent  pollinators,  since  they,  like  bees,  confine 
hemselves  to  the  flowers  of  one  species. 

Nectariiiia  chalybea,  N.  bicollaris,  and  Promerops  caper  are  the  most  important 
pecics  near  Cape  Town  ;  Promerops  Gurnej'i  replaces  P.  caper  in  the  eastern 
art  of  Cape  Colony  and  in  Natal ;   Nectarinia  famosa  lives  from   December  till 

pril  in  the  Karroo,  at  other  times  in  the  districts  of  Knysna  and  East 
ondon. 

Like  humming-birds,  the  South  African  sun-birds  also  show  a  preference 
)r  red  flowers,  and  indeed  a  certain  red  tint,  which  appears  in  the 
reast  feathers  of  several  species  of  these  birds,  also  characterizes 
;veral  ornithophilous  flowers.  Labiates,  species  of  Aloe,  Irideae,  and 
.eguminosae  assume  this  otherwise  rare  floral  tint,  when  they  are  adapted 
)  pollination  by  sun-birds.  Characteristic  features  of  the  ornithophilous 
owers  of  South  Africa  are  also,  in  many  cases,  a  brushlike  polyandrous 
adroeciimi  and  a  protruding  style.  Similar  features  are  observable  also 
humming-bird  flowers,  for  example  in  those  of  Marcgraviaceae  and 
f  Couroupita. 

To  ornithophilous  flowers  moreover  belong  many  species  of  Protea, 
hose  large  capitulate  inflorescences  are  surrounded  by  rigid  bracts  at 
le  base  of  which  the  honey  accumulates ;  the  birds  sit  on  the  edge 
f  the  cups  and  rub  the  protruding  style  that  is  covered  with  pollen 
^ig.  62).  Many  of  the  Cape  species  of  Erica  are  also  adapted  for 
Dllination  by  birds,  as  well  as  many  Leguminosac,  such  as  Erythrina 
iffra,  which  possibly  has  no  other  visitors  than  sun-birds.  The  banana 
1  Natal,  and  Ravenala  madagascariensis  in  its  native  home,  are  mainly, 
-It  not  exclusively,  ornithophilous. 

The  most  remarkable  of  the  South  African  ornithophilous  floral 
lechanisms  occurs  in  Strelitzia  reginae  (Fig.  63),  which  is  frequently 
iltivated    in    our    greenhouses.     Its    three    external    perianth-leaves    are 

a  bright  orange  colour  ;  of  the  three  inner  ones,  one  is  differentiated 
;  a  large  azure-blue  arr»w-shaped  labellum,  while  the  two  others  are 
nail  and  form  an  archway  over  the  entrance  to  the  nectar-cavity, 
groove  traced  along  the  labellum  encloses  the  stamens  and  the  style, 
le  tip  of  which,  with  the  stigma,  projects  freely.  The  bird  hovers  near 
le  edge  of  the  labellum  and  sucks  the  nectar  which  is  under  the  archway. 
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."IG.  62.     Protea  speciosa,  Linn.     Capitulum.     Pollination  by  sun-birds.     Natural  size. 


:hai'.  vr 


ANIMALS 


12.'-, 


hus  rubbing  first  the  stigma  and  then  the  stamens.  The  beautiful 
:olours  of  llie  flower  fully  correspond  to  those  of  its  pollinator,  Ncctarinia 
\fra. 

In  New  Zealand  also  pollination  by  birds  has  been  observed,  especially 
)y  Thomson,  in  Clianthus  puniceus,  Sophora  tomcntosa,  Metrosideros 
ucida,  Fuchsia  ex- 
orticata,  Loranthus 
Tolensoi,  Dracophyl- 
u  ni  1  o  n  g  i  f  o  1  i  u  m , 
'hormium  tenax. 
'hese  flowers  are  in 
art  red-coloured. 

Adaptations  to 
ther  families  of  birds 
as  been  proved  in 
he  case  of  one  plant 
nly,  namely  Feijoa 
■.chenckiana(Fig.  64), 
n  arborescent  mjT- 
jceous  plant,  which 
ritz  Miiller  discover- 
d  in  the  table-land  of 
anta  Catharina  and 
lanted  in  his  garden 
t  Blumenau,  where  I 
ad  an  opportunity  of 
'eing  it  in  blossom, 
he  structure  of  the 
ower  has  been  ex- 
;llently  described  by 
ritz  Miiller.  Highly 
sculiar  are  the  four 
low -white  petals, 
hich  are  rolled  in- 
ards  so  that  only  a 
irrow  slit  remains 
sible  when  looking 
cm  above  or  some- 
hat  from  the  side, 
hese   petals  are   fleshy,   juicy,  and    sweet   to  the   taste.     As    with   most 

nithophilous  flowers,  the  stamens  also  are  of  a  beautiful  red  colour, 
imerous,  like  a  stiff  brush,  and  exceeded  in  length  by  the  style.  The 
ily    pollinator    that    has    been    as    yet    recognized    with    any    certainty 


Fig.  63.  Strelilzia  reginae.  A  Soiuli  .African  sun-bird  flower. 
/  sepals,  /  petals,  «■  style  and  stigma,  si  stamens.  Two-thirds  of 
natural  size. 
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is  a  rather  laro-e  black  bird,  unfortunately  undetermined,  which  eats  th( 

petals  greedily. 

ii.    ENTOMOPHILOUS  FLOWERS. 

The  number  of  flowers  adapted  for  pollination  by  insects  is  far  greate 
than    that  of    flowers    adapted    for    pollination    by  birds,   even    in   place. 

where  there  are  ex 
cellent  pollinator 
among  the  birds 
Whilst  however  or 
nithophily  shows 
restricted  range  o 
distribution,  entomo 
phily  has  beenprove( 
to  exist  in  all  floraj 
even  up  to  the  limit 
of  phanerogamic  ve 
getation.  Only  thre 
classes  of  insects  ar 
specially  active  a 
pollinating  agent; 
Diptera,  Lcpidopter; 
and  Hymenopter; 
whereas  other  insect 
are  either  of  no  iir 
portance  or  of  mere! 
subsidiary  importanc 
in  this  respect,  an 
appear  to  have  calle 
forth  no  speciall 
adapted  form  of  flo\\ 
ers.  The  three  mo; 
important  groups  i 
pollinating  agents  ai 
however  preser. 
wherever  flowers  exisj 
and  have  e\-erywher 
caused  adaptatioi 
through  natural  selection ;  but  their  relative  numbers  are  often  ver 
unequal,  and  this  inequality  repeats  itself  •  in  the  relative  number  ( 
flowers  specially  adapted  for  pollination  by  Diptera,  Lepidoptera,  an 
Hymenoptera  respectively.  A  comparison  between  cold,  temperate,  an 
warm  districts,  or  between  islands  and  continents,  is  often  very  instructn 
in  this  respect. 


^ 

"H 


Fig.  64.  Feijoa  Schenckiana.     An  omithophilous  myrtaceons 
plant  from  'Santa  Catharina,  Brazil.     Natural  size. 
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The  high  regions  of  the  Alps  are  indeed  poorer  in  insects  than  the 
lUTOunding  lowlands  ;  yet,  as  Hermann  Miillcr  has  shown,  flowers  are 
ot  less  frcciucnth'  visited  by  insects  there  than  in  the  plains.  More 
nportant  than  the  reduced  total  number  of  insects  is  the  quite  altered 
umcrical  relation  among  the  different  groups.  Thus,  according  to 
lermanii  Miillcr,  Apidae,  except  humble-bees,  fall  off  rapidly  in  numbers 
3  the  altitude  increases.  Lepidoptera,  on  the  contrary,  show  a  consider- 
ble  increase.  Accordingl)'  bee-flowers  decrease  and  lepidopteron-flowers 
icrease.  The  latter,  according  to  Loew,  number  in  the  Alps  ^"i,  species, 
ut  only  36  in  the  VVestphalian  lowlands. 

Many  genera  are  represented  in  the  plains  by  bee-flowers,  in  the  Alps 
y  lepidopteron-flowers  ;  for  example,  Gentiana.  Rhinanthus,  Viola.  One 
lid  the  same  species  may  even 
xhibit  corresponding  variations.  The 
owers  of  Viola  tricolor  (Fig.  65,  2) 
•e  short-spurred  in  the  plains,  corre- 
wnding  to  the  short  proboscis  of 
le  bees,  their  pollinators  ;  the  variety 
pestris  is  long-spurred,  corresponding 
I  the  long  proboscis  of  Lepidoptera. 
he  purely  alpine  Viola  calcarata 
as  long-spurred  lepidopteron-flowers 
""ig.  6,5,  1).  Primula  farinosa,  accord- 
g  to  Hermann  Mi.iller,  has  in  the 
ains,  where  its  pollinators  are  bees, 

considerably  wider  entrance  to  its 
3wer  than  it  has  on  alpine  heights, 
here  it  is  practicall}'  visited  by 
epidoptera  onh'. 

The  Pyrenees  are  poorer  in  Lepi- 
)ptera  than   are   the  Alps,  but  on   the  other   hand  are  richer  in  insects 

at  have  not  produced  through  natural  selection  definite  forms  of  flowers  ; 
pidopteron-flowers  are  accordingly  feebly  represented  (MacLeod). 

The  Norwegian  plateau  is  poor  in  insects  owing  to  the  shortness  and 
etness  of  the  summer ;  adaptations  for  cross-pollination  have  therefore 
idergone  a  considerable  reduction. 

Of  the  76  alpine  and  arctic  species  of  the  Dovrefjeld,  according  to  a  compila- 
>n  by  Loew,  there  are  2  anemophilous  species  (Oxyria  digj-na  and  Thalictrum 
Jinum),  whilst  the  74  entomophilous  species  exhibit  the  following  arrangements: 
If-pollination  is  invariably  or  usuallj-  prevented  in  12  species  =  16-2  %  ;  self- 
'llination  as  well  as  cross-pollination  occurs  in  40  species  =  54  %  ;  self-pollination 
regular  or  easily  accomplished  in  22  species  =  297  %.  In  comparison  with  the 
'PS  of  Central  Europe  the  alpine   plants  of  Norwaj'   show   a   distinct   falling  oft" 


Fig.  65,  I.  \'iola  calcarata.  Lepidopteron- 
flower ;  long-spurred.  2.  Viola  tricolor.  Bee- 
ilowcr  ;  short-spurred.     Natural  size. 
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in  allogamous  flower-mechanisms  (about  lo  %),  as  well  as  a  much  more  considei 
able  increase  in  autogamy  (about  15  %). 

The  conditions  of  pollination  in  extreme  arctic  countries  have  bee- 
investigated  in  Greenland  by  Warming.  Insect-visits  appeared  to  b 
very  rare.  Anemophily  and  autogamy  are  correspondingly  strongl} 
and  entomophily  is  weakly  developed.  Many  flowers  that  are  markedl 
entomophilous  elsewhere  show  a  strong  tendency  to  self-pollination  ;  fo 
example,  those  of  Mertensia  maritima,  the  flowers  of  which  are  smalle 
in  Greenland  than  in  Scandinavia,  of  Azalea  procumbens,  Vacciniur 
Vitis-Idaea  var.  pumila,  Bartsia  alpina,  Thj^mus  Serpyllum,  Menyanthe 
trifoliata,  Pyrola  grandiflora.  In  spite  of  the  scarcity  of  insects,  th 
allurements  are  not  more  strongly  marked  than  when  a  rich  insec 
fauna  exists,  although  this  is  contrary  to  an  opinion  that  has  bee 
repeatedly  expressed. 

Vegetative  multiplication  is  strongly  developed  in  Greenland,  especially  1 
plants  in  which  self-pollination  takes  place  with  difficulty  or  to  a  slight  exten! 
'  In  Greenland,  which  is  poor  in  insects,  the  more  entomophilous  a  species  mf 
be,  the  more  it  adapts  itself  to  multiplication  by  vegetative  means,  where; 
autogamous  plants  can  dispense  with  this  kind  of  propagation,  and  actually  ( 
dispense  with  it '  (Warming). 


The  conditions  of  pollination  have  often  been  cited  in  explanation 
the  peculiarities  o{  insular  floras.  Wallace,  especially,  has  tried  to  conne 
the  presence,  absence,  or  rarity  of  brightly  coloured  flowers  on  islanc 
with  the  fauna.  Thus  on  the  islands  of  the  eastern  part  of  the  Sou; 
Pacific  Ocean,  for  example  in  Tahiti,  insects,  especially  Lepidoptera  ai 
bees,  are  rare :  to  this  circumstance  the  poverty  of  the  local  flora 
entomophilous  flowers,  especially  in  brightly  coloured  ones,  and  tl 
prevalence  of  ferns  have  been  ascribed.  On  the  western  islands,  fl 
example  in  Fiji,  butterflies  are  more  numerous  and  have  produc- 
through  selection  a  greater  number  of  brightly  coloiu-ed  flowers.  T 
flowers  of  the  Galapagos  have  such  inconspicuous  flowers,  that  Darv. 
could  only  after  a  long  time  convince  himself  that  they  nearly  ■ 
blossomed  during  his  visit.  As  a  matter  of  fact  small  Diptera  a: 
Hymenoptera  are  the  only  representatives  of  the  insect-world  on  the 
islands. 

Such  tentative  explanations  are  certainly  interesting  and  suggestive  ;  b 
yet  it  need  hardly  be  stated,  that  the  above  peculiarities  are  explicable,  r 
merely  by  the  conditions  of  pollination,  but'  by  taking  into  considerati 
also  historical  and  climatic  factors.  Moreover,  Wallace's  views  chie 
rest  on  the  incomplete  information  and  collections  of  other  biologi 
•nvestigations  scarcely  lay  in  this  direction,  and  thc\'  have  alrea 
besrx  refuted  in  many  very  important  cases.     Thus  Wallace  has  describ^ 
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e  New  Zealand  flora  as  consisting  of  almost  exclusively  inconspicuous, 
■cenish,   scentless    flowers,  and    he    connected    the   supposed   absence   of 

ghtly  coloured  or  scented  flowers  with  the  supposed  rarity  of  insects, 
ctually  however  neither  beautifully  coloured  flowers,  nor  insects  with 
;ll-developed   senses  of  colour  and  smell,   are  so  rare  in   New   Zealand 

Wallace  assumed. 

Of  433  flowering  plants  of  New  Zealand,  according  to  G.  M.  Thomson,  hardly 
II  (49  %)  have  inconspicuous  flowers,  and  22  %  are  scented.  Over  23  %  of  the  species 
2  adapted  for  cross-pollination  by  insects,  48  %  are  fertile  when  self-pollinated, 
d  29%  are  auemophilous.  Diptera  are  here  the  most  important  pollinators; 
;  inconspicuous  entomophilous  flowers  are  hardly  ever,  if  at  all,  visited  by  other 
■■cats.  In  addition  many  of  the  numerous  beetles  (about  1,300  species)  take 
rt  in  pollination.  Among  Lepidoptera  the  numerous  Noctuidae  are  of  greater 
portance  than  the  few  butterflies  (iS  species).  There  are  only  10  species  of 
es.  Finally,  birds  are  the  chief  or  exclusive  pollinators  of  many  large  flowers, 
c  sole  inference  to  be  drawn  from  this  description  is  that  the  relatively  large 
mber  of  inconspicuous  flowers  possibly  may  be  connected  with  the  predominance 
Diptera. 

Whilst  inost  insular  floras  are  remarkable  for  their  poverty  in  plants 
th  beautiful  flowers,  the  small  archipelago  of  Juan  Fernandez,  on  the 
atrary,  is  distinguished  b)'  the  splendour  of  its  flower-tints  ;  frequently 
;  flowers  of  indigenous  species  are  even  more  conspicuous  than  those 
allied  continental  species.  According  to  Wallace,  the  beautiful  colours  of 
;  flowers  have  been  induced  through  selection  by  two  endemic  species  of 
mming-birds.  Johow,  who  was  able  to  study  on  the  spot  the  oecology 
the  vegetation  of  Juan  Fernandez,  considers  as  highly  probable  the 
llination  of  many  species  by  humming-birds,  for  instance  Rhaphithamnus, 
callonia,  Myrceugenia  fernandeziana  ;  he  however  states,  on  the  other 
id,  that  the  scarcity  of  insects  is  not  nearly  so  great  as  Wallace 
[lears  to  have  assumed.  Thus,  various  Lepidoptera  are  extraordinarily 
merous,  and  Diptera  were  observed  by  Johow  on  the  flowers  of 
ndroseris,  Robinsonia,  and  Eryngium  bupleuroides  amongst  others, 
illace's  view,  although  generally  adopted,  should  not  command  scientific 
eptation  until  it  has  been  confirmed  by  observations  made  on  the  spot. 
Duly  careful  and  prolonged  observations  will  be  able  to  demonstrate 
:  significance  of  the  pollination  of  flowers  in  regard  to  the  composition 
1  physiognomy  of  insular  floras.  In  the  case  of  some  islands  of  the 
-'Tth  Sea,  near  the  coast,  observations  have  recently  been  made  by 
hrens,  Verhoeff",  Alfken,  and  Knuth,  from  which  there  is  a  promise 
useful  results.  These  islands  indeed  have  no  indigenous  forms,  and 
,  in  many  respects,  less  interesting  than  oceanic  islands;  but  their 
ent  formation,  their  proximit_\-  to  the  continent,  and  the  obvious  origin 
their  flora  and  fauna,  appear  to  fit  them  for  explaining  many  differences 
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between  insular  and  continental  conditions  of  life,  and  for  paving  the  wa 
towards  an  explanation  of  the  more  complex  relations  that  affect  ocean 
islands.  As  on  oceanic  islands,  so  also  on  coast-islands,  the  relative  numbi 
of  entomophilous  species  is  smaller  than  on  continents ;  the  mere  separ; 
tion  of  the  coast-island  from  its  adjacent  mainland  has  consequent) 
caused  the  disappearance  of  a  portion  of  these  species.  At  the  san 
time,  a  reduced  number  of  insects  is  also  noticeable.  Both  phenomer 
are  to  be  attributed  to  the  strong  winds,  which  on  the  one  hand   lesse 


Fig.  66.  Angiaecum  ebumeum,  Thouars,  in  its  native  habitat.     Seychelles.      To  the  right 
zingiberaceous  plant.     From  a  photograph  by  Brauer. 

the   number  of  insects   and   the  species   of  plants    associated    with  the, 
and  on  the   other  hand   favour  anemophilous  flowers '. 

Up  to  the  present  time  observations  on  the  pollination  of  flowe, 
with  few  exceptions,  have  been  made  only  ,in  temperate  regions ;  in  \- 
tropics,  only  a  few  and  generally  fragmentary  observations  have  bcii 
recorded,  although  many  tropical  forms  of  flowers  appear  to  be  adapt|l 
to  quite  definite  pollinators.     From  this  point  of  view  it  is  only  necess; ' 


See  p.  79. 
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0  mention  orchids.  The  beauty  and 
cent  of  many  tropical  Lepidoptera 
!enote  correspondingly  developed 
enses  of  colour  and  smell,  and  the 
irge  blue  Morphos  of  South  America 
nd  the  brilliant  bird-like  Malayan 
)rnithoptera  are  very  common  in 
heir  native  countries.  But  some 
dditional  characteristics  of  many 
ropical  Lepidoptera  may  be  con- 
idered  here.  Thus  many  tropica! 
owers  have  enormously  long  tubes 
Fig.  66),  at  the  base  of  which  there 
i  nectar,  which  can  be  reached  only 
}•  moths  with  a  correspondingly 
)ng  proboscis.  The  longest  struc- 
u'es  of  this  kind  are  the  spur-like 
ockets  of  the  labcllum  of  Macro- 
lectrum  sesquipedale,  Pfitzer,  a 
ladagascar  orchid,  which  are  five 
ecimeters  long  (Fig.  67).  Some 
■opical  Rubiaceae  cultivated  in  the 
otanic  garden  at  Buitenzorg  at- 
■acted  my  attention  by  the  unusual 
:ngth  of  their  corolla-tubes  (Fig. 
S) ;  moths  with  a  proboscis  suffi- 
ently  long  to  be  able  to  suck  the 
:ctar  that  is  at  their  bases  do  not 
cur  in   Europe,  and   possibly  not 

any  part  of  the  north  temperate 
jne. 

Macroplectrum  sesquipedale  may 

one  of  these  species  whose  very 
:stricted  geographical    distribution 

connected  with   that  of  a   genus 

species  of  insect  that  pollinates 
lem.  An  indubitable  case  of  this 
iture  is  exhibited  by  several  North 
merican  species  of  Yucca,  which 
e  exclusively  pollinated  by  moths 

the  genus  Pronuba.  Thus  Yucca 
amentosa,  which  is  frequently  grown 

our  gardens  but  always  remains 
K  2 


Fig.  67.  Flowers  of 

Macroplectrum  sesqui- 
pedale, Pfitzer.  All 
the  perianth,  with  the 
exception  of  the  spur, 
removed.  In  the  bo- 
tanic garden,  Heidel- 
berg.    Natural  size. 
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Fig.  68.  Tropical  rubi- 
aceoiis  moth-flowers  with 
long  corolla  tubes.  i..E,xo- 
stemmafloribundum,  Rom. 
et  Schult.  2,  Posoqueria 
hiisuta.  3.  Oxyanthus  hir- 
sutus.  In  the  Buitenzorg 
botanic  garden.  Natural 
size. 
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terile,  depends  on  Pronuba  yuccasella  for  its  fertilization  (Fig.  69).  As 
he  insect  is  just  as  dependent  on  the  Yucca  for  its  multiplication,  it  is 
lifficult  to  say  which  of  the  two  organisms  determines  the  geographical 
listribution  of  the  other. 

The  process  of  pollination  in  the  Yucca  is  extremely  peculiar.  The  moth  lays 
ts  eggs  in  the  ovar}^  in  which  the  larvae  have  to  develop  at  the  expense  ot 
he  young  seeds.  In  order  to  render  the  development  of  the  seeds  possible,  the 
10th  effects  pollination  b}'  introducing  pollen  into  the  stigma.    Since  many  seeds 


/.^ 


Fig.  6g.  Yucca  filamentosa  flower  and  (after  Kerner)  the  moth  (Pronuba  yuccasella). 

Natural  size. 

5  produced  and  only  a  few  larvae,  both  organisms  profit  equally.  Other  species 
Yucca  are  pollinated  bj'  other  species  of  Pronuba  ;  for  example.  Yucca  Whipplei 
California  by  Pronuba  maculata,  Yucca  brevifolia  in  the  Mohave  desert  by 
onuba  synthetica. 

The  dependence  of  certain  plants  on  their  pollinators  is  also  strikingly 
:hibited  in  red  clover.  This  plant  is  pollinated  exclusively  by  humble- 
es.  In  New  Zealand  there  are  no  humble-bees,  and  red  clover  therefore 
mains  sterile.  In  recent  times,  therefore,  humble-bees  have  been  im- 
rted  to  New  Zealand  in  order  that  pollination  and  consequent  seed- 
'mation  may  take  place'. 
Further  observations,  especially  in  any   countries  that  have  remained 

^  Belt,  II. 
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as  much  as  possible  unchanged,  will  without  doubt  in  numerous  cases 
prove  the  connexion  between  the  occurrence  of  certain  definite  forms  of 
insects  and  the  flowers  specially  adapted  to  them.  Interesting  in  this 
respect  is  the  fact,  established  by  Ridley,  that  species  of  Bulbophyllum 
near  Singapore  are  adapted  for  pollination  by  a  certain  fly  with  a  very 
specialized  taste,  and  that,  of  the  orchids  that  are  not  indigenous,  only 
Dendrobium  superbum  is  visited  by  this  fly. 

a.  PLANTS   AXD    ANTS. 

Ants  in  the  temperate  zones  play  an  unimportant  part  in  the  economy 
of  nature,  but  in  the  tropics  a  leading  part.  They  are  the  most  numerous 
and  the  most  industrious  representatives  of  the  tropical  insect-world. 
They  abound  everywhere.  Untiring  in  their  search  for  food,  and  usually 
quite  fearless,  they  are  ever  ready  for  attack,  in  which  they  employ 
either  their  sharp  jaws  or  poisonous  stings.  In  the  eastern  part  of 
the  tropics  they  do  but  little  harm  to  vegetation,  for,  as  in  temperate 
countries,  they  are  for  the  most  part  satisfied  with  the  dead  parts  ofi 
plants  or  with  sweet  exudations  from  the  nectaries  on  leaves,  to  which! 
subject  further  reference  will  be  made.  In  tropical  America,  however, 
the  so-called  leaf-cutters,  or  parasol-ants,  of  the  genus  Atta  may  bej 
reckoned  as  the  most  dangerous  foes  to  vegetation.  i 

i.   ANTS  AS   CULTIVATORS   OF  FUNGI. 

The  foraging  expeditions  of  parasol-ants  in  tropical  America  are 
well  known  to  every  traveller,  and  have  frequently  been  described! 
Straight  across  the  forest  path  moves  a  green  stream — travelling  piece; 
of  leaf,  each  as  big  as  a  farthing  and  borne  upright  on  the  head  of  ar 
ant.  In  some  species,  large-headed  soldiers  without  any  load  accompan} 
the  procession.  The  pieces  of  leaf  come  from  a  plant  on  which  the 
bold  little  creatures  may  be  easily  observed  at  work.  A  piece  is  cut' 
from  the  margin  of  a  leaf,  in  a  few  minutes,  by  their  shear-like  mandible; 
and  placed  on  their  heads  by  a  kind  of  jerking  movement.  Thus  laden 
the  ant  follows  the  homebound  troops  (Figs.  70-72). 

The  attacked  plant  is  frequently,  though  not  always,  abandoned  onl) 
after  all  the  foliage,  except  the  hard  ribs  and  petioles,  has  been  carriec 
away.  It  is  remarkable  that  parasol-ants  so  frequently  bring  their  boot) 
from  a  great  distance,  although  suitable  plants  are  near  at  hand  ;  Bel 
frequently  found  them  engaged  half  a  mile  from  their  nest.  This  wa 
probably  due  to  the  fact  that,  as  Alf.  MoUer  proved,  they  reject  am 
select  the  same  species  of  plant  in  turns  ;  a  fact  that  seems  explicabl' 
only  upon  the  assumption  that  it  relates  to  the  preparation  of  a  certaii 
mixture  or  to  the  replacing  of  components  of  a  mixture  that  have  becoim 
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Fig.  70.  Cut  pieces  of  Cuphea  leaves  severed 
in  four  or  five  minutes  byAttadiscigera.  Natural 
size.     After  Alf.  MoUer. 


Fig.  71.  Atta  discigera  descending  a  plun- 
dered Aipim  plant  with  severed  pieces.  Natural 
■'";.     Alter  Alf.  MoUer. 


Fig.  72.  .-V  leaf  of  the  Aipim  plant  on 
which  Atta  discigera  was  engaged.  The 
whole  leaf  would  have  been  eventually 
reduced  to  the  same  condition  as  on  the 
right  hand  near  the  base  of  the  midrib. 
Natural  size.     After  Alf.  Moller. 
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unserviceable.     Not   only   leaves,   but   also  flowers,  fruits,  and   seeds,  01 
portions  of  them,  are  carried  home. 

The  parasol-ants  disappear  with  their  booty  through  the  entrance-holes 
to  their  nest,  which  lies  either  in  a  shallow  natural  cavity,  as  in  the  cast 
of  the  very  carefully  investigated  Atta  discigera  and  A.  Hystrix  of  Soutl- 
Brazil,  or  is  dug  in  the  ground,  as  in  the  case  of  Atta  coronata  anc 
probably  of  most  species.  What  becomes  of  the  pieces  of  leaves  thai 
are  brought  home  in  such  large  quantities  has  until  recently  remainec 
an  unsolved  problem.  Bates  considered  that  they  were  used  for  lining 
walls ;  MacCook  thought  they  were  for  the  preparation  of  a  kind  0 
paper  for  internal  constructions  ;  Belt,  however,  advanced  the  daring 
hypothesis   that   the   ants  cultivated    fungi    on   the  decomposing   massei 


Fig.  73.  A  fungus-garden  prepared  on  a  plate  in  three  days  by  hairy  ants  (Apterostigma  IV 
mentioned  in  the  text  on  p.  13S)  in  confinement.     Natural  size.     After  Alf.  MoUer. 

of  leaves.  The  sagacious  'Naturalist  in  Nicaragua'  had,  as  usual,  hi 
on  the  right  explanation.  Alf.  Moller,  in  a  research  that  presents  ■ 
rare  instance  in  the  domain  of  oecology  of  acuteness  combined  witl 
the  critical  faculty,  has  definitely  proved  the  correctness  of  Belt's  often 
disputed  and  derided  statetnent,  'I  believe  ....  that  they  are  in  realit: 
mushroom-growers  and  eaters.' 

The  imported  pieces  of  leaves  serve  only  to  a  small  extent  for  coverin; 
the  nests.  Most  of  them  are  cut  up  again  by  the  ants  and  kneadei 
soft  by  their  feet  and  mandibles,  so  that  but  few  cells  remain  unbruisec 
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Thus  prepared,  the  now  shapeless  little  masses  are  worked  up  into  a 
coarsely  porous  spongy  mass  which  fills  the  interior  of  the  nest  and 
forms  the  fungus-gardcii  (Fig.  73).  The  little  masses,  the  initial  green 
olour  of  which  changes  first  to  bluish-black  and  finally  to  yellowish- 
brown,  are  traversed  in  all  directions  and  bound  together  by  fine  mycelial 
:hreads.  On  closer  inspection,  innumerable  little  white  bodies,  at  the 
•nost  -5  mm.  in  diameter,  may  also  be  seen ;  they  spring  laterally  from 
he  mycelial  threads  and  arc  termed  by  Moller  'kohlrabi-clumps'  (Fig. 
,■4).  The)'  consist  of  an  agglomeration  of  short  branches  with  node- 
ike  or  globular  swollen  ends  and  very  rich  protoplasmic  contents.  Tlic 
kohlrabi-clumps '  are  the  most  important  if  not  tlic  sole  food  of  tJie  ants, 
vid  represent  a  new  structure,  zvkick  has  arisen  as  a  result  of  artificial 
election  exercised  by  the  ants. 

The  'kohlrabi-clumps'  appear  very  early  in  the  fresh  masses  and 
hen  disappear,  when  these  assume  a  brown  colour.  Alf.  Moller  has, 
)y  ingenious  experiments,  revealed 
he  whole  workings  of  the  ants  in 
heir  fungus-gardens,  and  has  shown 
lOW  the  tiniest  female  workers  keep 
)ff  all  foreign  organisms,  so  that 
I'ithout  further  trouble  the  little 
nasses  can  be  used  for  pure  cul- 
ures,  and  how  the  ants,  by  indus- 
riously  biting  off  the  subaerial 
hreads,  prevent  the  vegetative 
prouting  which  will  be  described 
jrther  on.  He  has  also  directly 
bserved,  in  numerous  cases,  the 
ctual  eating  of  the  '  kohlrabi- 
lumps'  and  has  proved  that  in  their  absence  the  ants  die  of  starvation. 

The  fungus,  as  a  rule,  remains  in  the  purely  vegetative  condition 
lat  has  just  been  described.  Only  exceptionally,  and  under  unknown 
onditions,  do  large  pileate  sporophores  of  a  purely  agaric  type  develop 
'om  the  mj'celium  and  crown  the  top  of  the  ants'  nest,  a  feature  that 
■■  all  the  more  striking  because  large  pileate  fungi  are  rare  in  tropical 
lin-forests.  Such  discoveries  have  made  it  possible  for  Alf.  Moller  to 
etermine  exactly  the  systematic  position  of  the  fungus,  and  to  describe 

as  a  new  species  of  the  genus  Rozites,  R.  gongylophora,  Moll. 

The  four  species  of  Atta  that  occur  near  Blumenau  cultivate  the  same 
pecies  of  fungus,  which  is  never  found  outside  the  ants'  nests.  We  have 
lerefore  here  a  highly  developed  case  of  reciprocal  adaptation  between 
nlike  organisms. 

The  removal  of  the  ants   from  the  fungus-garden  results,  after  a  few 


^ 
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Fig.  74.  'Kohlrabi-chimps'  of  Rozites  gongy- 
lophora, Sloll.,  the  fungus  of  the  South  Itazilian 
species  of  Atta.  Magnified  150.  After  Alf.  Moller. 
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days,  in  the  appearance  of  a  very  rich  siibatrial  mycelium,  on  which  two 
kinds  of  conidia  are  produced.  This  luxuriant  growth  occasions  not 
only  the  rapid  exhaustion  of  the  substratum,  but  also  the  emptying  of 
the  '  kohlrabi-clumps '  or  the  cessation  of  their  production. 

Moller  was  able,  in  cultures  in  nutritive  solutions,  to  induce  the  fungus 
to  form  '  kohlrabi-clumps,'  which  were  identical  with  those  in  the  fungus- 
gardens  and  were  eaten  just  as  greedily  by  the  ants.  These  peculiar 
structures  are  therefore  by  no  means  ant-galls,  but  a  product  of  cultivation 
comparable  with  kohlrabi.  The  phylogenetic  starting-point  of  their  evolu- 
tion is  to  be  sought  in  the  tendency  of  the  fungus  to  produce  all  kindsl 
of  swellings. 

The  parasol-ants  are  not  the  only  species  that  cultivate  fungi.  Frau 
Brockes,  one  of  the  daughters  of  Fritz  Mtiller,  discovered  the  same  custom 
in  another  genus  of  ant,  Apterostigma,  near  Bkimenau,  and  Alf  Molleri 
has  minutely  investigated  the  fungus-gardens  of  the  remarkably  hairyl 
little  species  of  this  genus,  which  are  therefore  termed  Jiairy  ants.  They 
belong  to  four  different  species:  Apterostigma  Molleri,  Forel,  A.  pilosum, 
Mayr,  A.  Wasmanni,  Forel,  and  another  species  not  yet  described  and 
here  referred  to  as  A.  IV.  They  live  in  much  smaller  communities  than 
do  the  species  of  Atta,  and  construct  correspondingly  smaller  gardens 
for  which  purpose  they  chiefly  employ  wood-dust,  produced  by  the 
activity  of  insect-larvae,  and  the  excrements  of  the  latter. 

Finally,  Moller  also  recognized  the  hump-backed  ants — species  of  tht 
genus  Cyphomyrmex  (C.  auritus,  Mayr,  and  C.  strigatus,  Mayr) — a; 
fungus-cultivators.  Their  fungus-gardens  resemble  those  of  the  hair) 
ants. 

The  fungi  of  the  gardens  of  the  hairy  and  the  hump-backed  ants  diffe 
specifically  from  one  another  as  well  as  from  those  of  the  species  0 
Atta,  but  the  different  species  of  each  genus  of  ant  cultivate  the  same 
species  of  fungus.  The  fungus  of  Apterostigma  and  of  Cyphomyrmex,  liki 
that  of  Atta,  produces  kohlrabi,  but  of  a  somewhat  different  structure,  and! 
after  the  ants  are  removed,  also  produces  a  luxuriant  subaeriai  myceliun 
from  which  conidia  are  abstricted.  Unfortunately  the  highest  form  0 
sporophore  has  not  been  observed,  so  that  the  systematic  position  0 
the  fungi  associated  with  the  hairy  and  hump-backed  ants  is  not  ye 
precisely  determined,  but  they  undoubtedly  belong  to  the  Basidiomy 
cetes  and  probably  to  the  Agaricinae.  The  'kohlrabi-clumps'  of  th. 
different  species  of  ants  are  highly  instructive,  as  they  represent  structure 
that  have  remained  at  different  stages  of  selective  evolution.  Tiie  specie 
of  Atta  have  elaborated  the  most  highly  developed  product  (Fig.  74' 
Somewhat  less  developed  are  the  'kohlrabi-clumps'  of  Apterostigm: 
Wasnp.anni,  as  the  apices  of  the  individual  kohlrabi-hyphae  assume  no 
a  globular,  but  a  swollen  clublike  form,  and  are  arranged  in  less  dcfinit 
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lumps.  Besides  this,  in  opposition  to  those  of  the  Atta-fungus  they 
regularly  develop  in  a  nutritive  solution  into  ordinary  hyphae  and  thus 
show  that  they  ha\e  lost  less  of  their  filamentous  character.  At  a  still 
lower  stage,  in  spite  of  the  better  definition  of  their  shape  as  a  whole, 
ive  find  the  'kohlrabi-clumps'  of  Cyphomyrmex  strigatus  (Fig.  75). 
The  lowest  stage  of  development,  however,  is  shown  in  the  fungus-gardens 
)f  Cyphomyrmex  auritus,  Apterostigma  pilosum,  A.  Molleri,  and  A.  IV, 
\-here  the  swellings  show  no  strict  localization  in  their  arrangement  on 
he  hyphae  and  no  constancy  in  their  dimensions. 

A  factor  so  destructive  as  the  parasol-ants  in  tropical  America,  in 
jarticular  near  the  Equator  and  north  of  it,  cannot  have  persisted  without 
nfluencing  the  character  of  the  vegetation.  The  fate  of  introduced  plants 
s  very  instructive  from  this  point  of  view.  Many  plants  are  so  sought 
ifter  that  their  cultivation  is  quite  impossible  where  parasol-ants  are 
:ommon  ;  such  are  rose,  orange,  coffee,  chicory,  mango,  cabbage  ;  other 
slants  are  comparatively  unmolested, 

such  as  Eucalyptus,  the  ramie  plant  fi  ^ 

Boehmeria),  grasses,  heliotrope,  mag- 
lolia,  bay,  Cucurbitaceae,  wormwood, 
■adish,    parsley,    celery'.      We    must       , 

issume  that  a  similar  condition  pre-  ji^^ 

mailed  in  regard  to  the  vegetation  of 
ropical  America  before  the  appear- 
nce  of  the  parasol-ants.  The  vege- 
ation  consisted  on  the  one   hand  of  .^^.^ 

pecies  that  were  very  frequently 
ttacked,  and  on  the   other  of  those       /■■"•,  75-  'KohUabi-clumps' of  the  fungus  of 

a  South  Brazuian  hump-backed  ant,  Cvphomyr- 
hat     were     seldom      or      not      at      all      mex  strigatus.   Magnified  270.  After  Alf.  MoUer. 

ttacked.      The    former,   unless   they 

lelonged  to  the  most  rapidly  growing  and  commonest  species,  were 
ither  completely  annihilated,  or  persisted  only  in  such  examples  as 
iwed  their  individual  immunity  to  some  characteristic  or  other.  This 
haracteristic  was  further  selected  in  the  struggle  against  the  parasol-ants. 
The  protective  characteristics  in  many  cases  may  be  of  a  histological 
'.ature,  as  in  very  fibrous  plants,  such  as  grasses,  palms,  Bromeliaceae, 
.'hich  are  included  among  the  plants  very  rarely  or  not  at  all  attacked, 
n  other  cases,  it  is  probably  due  to  substances  that  have  a  sharp  taste 
nd  smell,  or  are  poisonous,  or  to  very  viscous  latex  rich  in  caoutchouc, 
.•hich  however  is  not  always  protective  (Manihot).  The  number  of 
romatic  plants  is  relatively  very  great,  as  well  among  those  that  are 
ought  after   as   among   those   that   are    almost   always  avoided,  a  fact 

'  Alf.  ^toiler,  op.  cit.  p.  83.     These  data  refer  to  South  Brazil  only.    The  species  of 
tta  near  the  Equator  may  have  other  preferences. 
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which  appears  to  prove  that  certain  ethereal  oils  attract  the  parasol-ants, 
whilst  others  repel  them.  Such  phenomena  give  indications  regarding 
the  paths  that  natural  selection  must  have  followed  in  the  struggle  oi 
the  vegetation  against  the  parasol-ants. 

Whilst  the  protective  contrivances  belonging  to  the  plant  itself  and 
causing  the  species  to  be  more  or  less  completely  avoided  by  the  leaf 
cutters  can  at  present  form  the  subject  of  hypothesis  alone,  yet,  in  the 
case  of  some  species,  it  has  been  proved  that  in  order  to  keep  their  foeii 
at  bay,  the  plants  enter  into  symbiotic  relations  with  definite  bellicose 
ants  by  whom  they  are  wellnigh  perfectly  protected. 


MYRMECOPHIL  Y. 


Plants  with  adaptations  for  attracting  ants  are  termed  mynnecophiloits . 
As  is  proved  by  the  occurrence  of  such  contrivances  in  the  tropical  zone.'| 


a^> 


Fig.  76.  Acacia  sphaerocephala.  /  Part  of  stem  with  stipular  thorns,  .5",  and  a  leaf  mth 
Belt's  corpuscles,  F.  On  the  petiole  at  N  a  nectary.  Reduced.  //  Single  leaflet,  F  Belt's 
corpuscles.     Somewhat  enlarged.     From  Strasburger's  Text-book  of  Botany. 

of  the  Old  World,  myrmecophily  has  also  been  evolved  for  the  purpost 
of  combating  other  enemies  of  vegetation,  and  chiefly,  in  fact,  for  th( 
protection  of  flowers  from  insect-bites.  On  the  other  hand,  in  tcmperati 
zones,  in  accordance  with  the  relative  paucity  in  ants,  definite  allurement 
for  these  insects  are  weakly  indicated  and  only  in  a  few  plants.  Typica 
myrmecophily  is  one  of  the  characteristic  features  of  the  tropical  flora. 

Belt  must  be  considered  as  the  actual  discoverer  of  myrmecophily 
although  Delpino,  on  the  basis  of  much  less  convincing  material,  near! 
simultaneously  and  quite  independently  published  the  same  idea.  Ii 
Nicaragua,  and  on  the  Amazon,  Belt  became  acquainted  with  severa 
species  of  myrmecophytes,  but  he  devoted  his  attention  chiefly  to  Acaci. 
cornigera,  which  is  now  one  of  the  best-known  examples  of  this  clas, 
of  phenomena,  as  is  also  the  very  similar  A.  sphaerocephala  (Fig.  76)' 
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ivhich  lias  been  frequently  the  subject  of  subsequent  /nvestigations.  Both 
these  acacias,  and  many  other  species  besides,  possess  large,  hollow,  and 
relatively  thin-walled,  stipular  thorns  that  serve  as  dwelling-places  for 
I  definite  species  of  fierce  ant,  which  bores  an  entrance-hole  into  them 
lear  the  tip.  At  the  ends  of  the  leaflets,  but  for  the  most  part  only  in 
he  upper  half  of  the  leaf,  there  are  found  small  ovoid  or  pear-shaped 
structures,  which  are  industriously  collected  and  eaten  by  the  ants.  These 
diblc  objects,  termed  after  their  discoverer  Belt's  corpuscles,  may,  from 
I  morphological  point  of  view,  fairly  be  regarded  as  transformed  glands, 
rhey  are  however  distinguished  from  all  known  glands  by  definite 
;haracters — larger  size,  longer  duration,  richness  in  proteids,  easy  severance 
vhen  touched — all  of  which  features  may,  with  as  much  certainty  as  is 
possible  in  such  cases,  be  regarded  as  adaptations  to  ants.  In  addition, 
hey  have  no  secretory  power,  at  least  during  the  later  stages  of  their 
levelopment.  A  fact  of  special  significance  is  that  precisely  similar 
odies  occur  in  the  moraceous  genus  Cecropia  and  the  acanthaceous 
jenus  Thunbergia,  and  are  likewise  associated  with  protective  ants.  The 
ike  has  never  been  observed  in  other  plants.  Moreover,  a  nectary  situated 
t  the  base  of  the  petiole  affords  a  liquid  rich  in  sugar. 

Of  all  myrmecophytes,  none  have  hitherto  been  so  thoroughly  investi- 
;ated  in  all  respects  as  some  species  of  the  genus  Cecropia,  especially 
he  South  Brazilian  C.  adenopus. 
The  species  of  Cecropia  (trumpet  trees,  bois  canot,  pao  de  imbauba) 
re  among  the  most  conspicuous  trees  in  tropical  America.  They  are 
.'idely  distributed  and  common  everywhere,  in  rain-forests  as  well  as  in 
he  thin  forest  strips  of  the  xerophilous  districts,  and  in  the  young  woods 
apociras  of  the  Brazilians)  which  in  rainy  districts  speedily  cover  abandoned 
'lantations  or  restock  ruined  virgin  forest.  Their  slender  stems  shoot 
p  everywhere  like  candelabra,  supported  on  short  prop-roots,  and 
ivide  above  into  boughs  that  are  simply  or  scarcely  branched.  Their 
irge  palmately  lobed  leaves  occur  only  at  the  ends  of  the  branches. 

A  few  active  ants  are  always  running  along  the  branches  and  petioles 
f  Cecropia  adenopus.  If  however  the  tree  be  somewhat  roughly  shaken, 
hen  from  minute  holes  in  the  stem  and  twigs  an  army  of  ants  rushes 
ut  and  savagely  attacks  the  disturber.  In  Santa  Catharina,  it  is  always 
ne  same  species  of  ant,  Azteca  instabilis,  and  the  species  apparently 
ccurs  only  on  Cecropia.  It  is  one  of  the  most  bellicose  ants  that 
know,  and  its  sting  is  most  irritating.  In  both  these  ways  it  surpasses 
11  the  ants  that  I  became  acquainted  with  as  inhabitants  of  other  plants, 
nd  even,  in  spite  of  the  possibly  exaggerated  accounts  of  travellers,  the 
nts  of  the  '  living  ants'  nests '  of  the  Malayan  Archipelago,  Myrmecodia 
nd  Hydnophytum,  which  will  be  described  further  on. 
The   most   formidable    foes  of  the   imbauba-tree    are   the   leaf-cutting 
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ants,  or  rather  they  would  be  so  if  they  were  not  kept  at  a  distance 
by  their  relatives  which  form  the  defensive  army.  They  show  such 
a  preference  for  the  foliage  of  Cecropia,  that,  at  Blumenau,  Fritz  Mullet 
and  I  found  every  one  of  the  uninhabited  trees,  which  are  rare,  had  its 
leaves  bitten  down  to  the  midrib,  whereas  not  a  single  tree  with  r 
protective  army  of  ants  showed  a  trace  of  such  injury.  Only  duriiu 
the  lowest  winter  temperatures  is  an  inhabited  tree  exposed  to  its  enemies 
for  the   protective   ants  are    much   more   sensitive   to   cold    than   are   thd 

parasol-ants^.  Other  ani- 
mals, as  it  appears,  are  noij 
kept  off  Caterpillars  occui 
on  the  tree,  though  withou 
doing  much  damage,  anc 
the  sloth  exhibits  such  ; 
preference  for  it,  as  to  re, 
ceive  the  same  name  (im| 
bauba)  in  Brazil.  None  of  it: 
enemies,  however,  can  com-i 
pare  with  the  parasol-ant:| 
in  destructiveness. 

A  closer  investigation 
proves  that  the  imbauba-trei| 
provides    its    guests    with  ; 
dwelling  and  food.    The  ceni 
tre  of  the  stem  is  traverser 
by    a    transversely    divide( 
cavity,    which    increases    ii 
calibre  from  below  upward 
like  a  funnel,  correspondinj 
to    the    increasing  thicknesj 
of  the  growing  apex,  so  tha' 
the  uppermost  chambers  i 
the    stem    are    larger    tha 
those     represented     in    ou 
illustration    (Fig.   77).     Thj 
cavity,    and    therefore    th 
dwelling-place  of  the  ants,  in  spite  of  its  great  utility,  is  not  an  adaptatio 
to  the  guests  ;    it   represents  rather  a   feature  that   is   common  to  man 
other    plants,    and    may   be   explained    on    the    mechanical    principle  c 
construction   as  being  the   method  of  producing    the    greatest    resistanc 
to  bending  with  the  least  expenditure  of  material.     The  dwelling  existe 
before  the  symbiosis.     It  is  otherwise  with  the  entrances  to  it.      Her 

^  Alf.  MoUer,  op.  cit.,  p.  82. 
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Fig.  77.  Cecropia  adenopus.  Portion  of  a  young  stem 
split  longitudinally.  Central  hollow  with  septa  per- 
forated by  the  ants,  and  structures  made  by  them.  Natural 
size. 
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an  indubitable  adaptation  is  exhibited.  Above  the  insertion  of  every  leaf 
there  runs  nearly  up  to  the  next  node  a  shallow  groove,  the  summit 
of  which  displays  a  roundish 
depression,  both  in  non-myrmeco- 
philous  trees  and  in  young  inter- 
nodes  that  are  not  yet  inhabited 
(Fig.  7S),  As  the  external  de- 
pression corresponds  to  an  in- 
ternal one,  the  wall  at  this  place 
is  very  thin  and  is  a  mere 
diaphragm  in  a  tube  (Fig.  79). 
The  diaphragm  differs  essentially 
in  its  histological  structure  from 
the  adjoining  parts  of  the  wall, 
for  it  is  devoid  of  the  hard  and 
tough  elements,  such  as  vascular 
bundles,  collenchyma,  lignified 
parenchyma,  which  form  the  main 
mass  of  the  tissues  in  all  other 
places.  In  the  tissue  of  the  wall 
underneath  the  groove  thevascular 
bundles  arise  as  secondary  struc- 
tures, and  stop  short  just  beneath 
:he  diaphragm.  The  diaphragm 
s  destined  to  be  the  entrance  ; 
^nd  the  wall  is  bored  through 
ilways  at  this  spot. 

Investigations  into  the  history 
jf  the  development  show  that 
it   first  the  depression  arises  as 

result  of  the  pressure  exerted 
3y  the  little  axillary  bud,  which 
visible  in  the  accompanying 
igure  (Fig.  78)  at  the  base  of 
he  internode.  This  pressure  is 
:xerted  during  the  whole  longi- 
udinal  growth  of  the  internode 
nd  causes  the  formation  of  the 
roove.  The  tissues  internal  to 
he  groove  resemble  those  of  the 
•arts  that  are  not  exposed  to 
ressure  except  the  original  little 
Iter  the  pressure  has  ceased  and  at  the  same  time  is  further  modified. 


Fig.  78.  Cecropia  adenopus.  Summit  of  a  young 
stem.  On  one  internode  the  place  of  entrance  a  is 
not  yet  bored  through  ;  on  another  internode  the 
entrance  i  is  bored  through.     Natural  size. 


pit,   which   increases   in  circumference 
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At  the  phylogenetic  commencement  of  symbiosis,  the  ants  bored  an 
entrance  through  the  groove,  evidently  because  the  wall  was  somewhat 
thinner  there,  and  in  particular,  in  accordance  with  a  custom  that  is 
almost  always  followed  and  is  connected  with  the  domestic  arrangements, 
they  bored  as  much  as  possible  in  the  upper  part  of  their  dwelling.  All 
features  that  facilitate  boring  through  this  place  must  have  been  retained 
in  the  struggle  for  existence,  and  been  further  added  to  through  selection '. 
They  finally  led  to  the  differentiation  of  the  thin  weak  diaphragm  that 
has  been  described. 


Fig.  79.  Cecropia  adenopus.     Part  of  a  transverse  section  of  the  wall  of  an  internode,  showing 
the  diaphragm.     Slightly  enlarged. 

The  ants  of  the  Cecropia  devote  themselves  in  their  dwellings  to  thij 
tending  of  Aphidae  ;  they  would  seldom  leave  this  work,  and  would  rarely  0. 
never  visit  the  foliage,  were  it  not  that  the  latter  merited  continued  attentior 
The  base  of  the  petiole  is  covered  on  its  dorsal  surface  with  a  brow 
velvety  coating  upon  which,  in  uninhabited  trees,  ovoid  whitish  bodie: 
about  2  mm.  long,  lie  quite  loose  (Fig.  80).  The  presence  of  such  bodie; 
which  are  named  Midler's  corpuscles  after  Fritz  Miiller  their  discovere 
is  a  sure  sign  that  the  tree  is  uninhabited,  and  they  are  always  visibl 
in  our  conservatories.  They  are  absolutely  wanting  on  the  surface  c 
the  pulvinus  of  inhabited  trees,  because  they  are  continually  carried  awa 
and  eaten  by  the  ants  that  are  always  looking  for  them,  just  as  in  Acaci 
cornigera.  Muller's  corpuscles,  like  those  of  Belt,  consist  of  delicat 
parenchyma  rich  in  proteids  and  oil. 


'  I  have  observed  on  the  mountains  between  the  provinces  Rio  and  JMinas  a  species  ' 
Cecropia  which  appears  to  have  attained  a  lower  stage  of  adaptation,  since,  among  othi 
points,  the  entrance  is  absent  in  younger  plants.  The  observations,  however,  were  bi 
fragmentary. 
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Like  the  ant-fungi  and  tlic  acacias  referred  to,  Cccropia  affords  an 
xceptional  case  of  the  voluntary  surrender  by  the  plant  of  protcid 
ibstances  even  in  relati\cl\' 
irge  quantity,  for  Miillers 
Drpuscles  are  produced  con- 
nuously  and  in  profusion.  If 
e  cut  througli  the  brown 
elvcty  coating    (Fig.    (Si),   we 

c  among  the  hairs  numerous 
ensely  crowded  objects  of  the 
ind  represented  in  the  various 
ages  of  development.  Having 
rown  to  their  full  size,  these 
odies  become  loose  at  the  base 
id  are  pushed  to  the  surface  by 
le  pressure  of  the  clastic  hairs 
lat  are  crowded  together  side 
y'  side.     Their  developmental 

story,  as  well  as  the  presence 

a  stoma  at  the  apex  of  each, 

lows  that  Miiller's  corpuscles. 

vc  those   of  Belt,   are  to   be 

arded     as     metamorphosed 

ands  ;  they  do  not  however 
Ifil    the   functions    of  glands 

en    in     their    early    stages. 

hilst  normal  leaf-glands,  with  this  exception, 

cur  only  on  young  leaves  and  forthwith  die, 

e  glands  of  Cccropia  converted  into  nutritive 

dies  for  ants  are  continually  produced  during 

e  whole  life  of  the  leaf,  and  are  continually 

cd  when  they  are  gorged  with  albuminoids. 

The  assumption  that  the  entrance-door  and 

i-iller's    corpuscles    represent    adaptations    to 

ts   was    surprisingly   confirmed    by   the    dis- 

very  in  the  Corcovado,  near  Rio  de  Janeiro, 

a  species  of  Cccropia  devoid  not  only  of  tlic 

is  but  also  of  the  entrance-door  and  of  Miiller's 

■piisclcs  (Fig.  82).     In  this  case  also  the  young 

illary  bud  presses  on  the  internode  and  thus 

-ises  the    formation    of   an    isodiametric    de- 

tssion,    which    subsequently,    owing    to    the 


Fig.  So.  Cecropia  atlenopus.     Base  of  the  petiole 
with  pulvinus  and  Miiller's  corpuscles.     Natural  size. 


igitudinal  growth,  gives  place  to  a  groove. 


Fig.  Si.  Cecropia  adenopus. 
Transverse  section  of  part  of  the 
velvety  coating  at  the  base  of 
the  petiole,  with  Miiller's  cor- 
puscles in  various  stages  of  de- 
velopment.    t>lightly  magnified. 

But  the  original  depression 
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differs  neither  externally,  nor  in  the  nature  of  the  tissues  lying  with 
it,  from  the  groove  of  which  it  forms  the  upper  extremity.  In  spi 
of  the  absence  of  a  protective  army,  the  ant-free  Cecropia  proved 
be  quite  uninjured,  apparently  because  the  waxy  coating  of  the  ste 
prevented  the  leaf-cutting  ants  from  climbing.  It  has  indeed  been  provi' 
experimentally  that   a  waxy  coating  offers   an   insuperable  obstacle  \ 

Cecropia   adenopus,  which   probably  mcl 

of  the  other  species  of  the  genus    resemb 

represents  a  higher  stage  of  adaptation  th; 

Acacia  cornigera  and  A.  sphaerocephala,  f 

it  exhibits  as  adaptations  not  only  the  foo 

bodies,   but   also   the    spot   that    is    prepar 

beforehand  to  be  bored  through.    In  the  latl 

respect  Clerodendron  fistulosum,  discovered 

Beccari  in  Borneo,  resembles  Cecropia.    Otl 

species  however  have  gone  a  step  further,  |- 

they  have  succeeded  in  forming  an  openi 

through    the    wall    of  the    hollow    internoi 

The  causes  that  lead  to  the  formation  of  i 

opening    have    not   yet    been    explained ;    i 

certain  cases  it  may  be  the  result  of  a  tensia 

in   others    perhaps   due  to   the   death  of  tl; 

tissues  of  a  circumscribed  area.     The  openi 

is   sometimes    narrow,   like  a  slit,  so   thatt 

has  to  be  widened  by  the  ants,  as  in  Duni 

hirsuta,  according  to  Schumann  ;   sometirrs 

from  the  first  it  is  more  circular  and  poreli , 

and  thus  perfectly  fitted  for  its  subsequent  i; 

(Fig.  S3,  1-3). 

The  spontaneous  appearance  of  an  open  ; 
in  the  previously  intact  wall  of  hollow  int- 
nodes  was  first  rendered  probable  by  Bo\r 
in  the  case  of  Humboldtia  laurifolia,  th 
by  Schumann  in  several  species.  I  fit 
became  fully  convinced  of  its  truth  in  e 
botanic  garden  at  Buitenzorg,  where  I  (- 
served  quite  free  from  ants  specimens ''f 
Humboldtia  laurifolia  and  Triplaris  americana,  also  Ficus  inaequal'  . 
hitherto  unknown  as  a  mj-rmecophyte,  all  with  a  well-differentia  i 
entrance-aperture  at  the  upper  end  of  most,  or  of  all  the  internodes. 

'  Schimper,  op.  cit.  p.  66. 

'  But  proof  is  still  wanting  that  it  is  inhabited  by  ants  in  its  native  habitat.     In  ' 
Singapore  botanic  garden  most  of  the  specimens  were  inhabited. 


Fig.  82.  Cecropia  sp.  of  the 
Corcovado  Mountains,  near  Rio  de 
Janeiro.  Part  of  the  myrmccophilous 
stem.    Natural  size. 
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Of  the  tliice  last-mentioned  cases,  that  of  Triplaris  americaiia,  a 
lolygonaccous  plant  belonging  to  equatorial  South  America,  and  of  allied 
pecies  of  the  same  genus,  is  the  simplest.  Hollow  axes  are  frequent 
(1  the  family.  The  dwelling,  here,  as  in  Cecropia,  is  by  no  means  an 
daptation  to  ants.  On 'the  other  hand,  the  entrance-aperture  may  safely 
)e  described   as   such.     I'ood-bodies,   resembling   those   of   Cecropia    and 
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Fig.  S3.  Myrmecophytes.  i.  Ficus  inaequalis.  From  the  botanic  garden,  Singapore.  2.  On 
-  left :  Triplaris  americana.  Young  internodes.  From  the  Buitenzorg  botanic  garden.  On  the 
;bt :  T.  caracasana.  Old  intemode.  Caracas.  3.  Humboldtia  laurifolia.  From  the  Buitenzorg 
tanic  garden.     All  natural  size.     Drawn  by  R.  Anheisser. 

cacia  cornigera,  are  wanting,  but  extra-floral  nectaries  occur  on  the 
aves.  Such  extra-floral  sugar-secreting  glands,  quite  apart  from  the 
nvers  and  without  oecological  connexion  with  pollination^  occur  very 
•mmonly  in  plants  inhabited  by  ants. 

In  Ficus  inaequalis,  with  which  may  be  included  a  number  of  plants 
ithentically  inhabited  by  ants,  for  example  species  of  Duroia,  not  only 
e  opening  but  apparently  also  the  hollow  chamber  has  arisen  as  an 
laptation,   for    the    latter    is    present    on    some    onl)-    of  the    internodes 

L  2 
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and  occupies  only  the  upper  half  of  the  intcrnode  in  which  it  occur 
so  that  the  principle  of  providing  resistance  to  bending  is  no  longc 
applicable. 

Whether  Humboldtia  laurifolia  belongs  to  the  last-mentioned  type  c 
to  that  of  Triplaris,  I  must  leave  undecided.  In  this  case  numeroi 
bright  red  nectaries  are  present  on  the  leaves  and  stipules. 

Cordia  nodosa  (Fig.  84),  of  which  I  was  able  to  observe  numerov 
specimens  growing  wild  at  Pernambuco,  belongs  to  still  another  typ 
Here  the  long  inferior  internode  of  the  flowering  shoot,  which  in  i 
upper  part  forms  a  condensed  tuft,  bears,  immediately  below  the  leav 
and  inflorescence,  a  lateral  bladder  into  which  a  little  pre-existing  openir 


Fig.  S4.  Cordia  nodosa.     P'alse  whorl  with  inflorescence-axis  and  bladders. 
One-half  natural  size. 


leads    between  the   petioles.     I    found    the    bladder  always   occupied 
minute   ants.      Here   the    connexion    between    the    dwelling-place    of  t 
ants    and    the    flowers    is    very    clearly    exhibited,  and    the    same   feati 
is    repeated    in    numerous    other    cases,    for    example    in    the    lauraceci 
Pleurothyrium    macranthum,    where    only    the    axes    of    the    inflorescer 
are  hollow  and  inhabited  by  ants. 

The  famed  myrmecophj'tcs  of  the  Malayan  Archipelago,  species 
Myrmecodia  and  Hydnophytum  (Figs.  85  and  86),  exhibit  a  type 
axial  chamber  quite  different  from  the  foregoing  ones.  Here  it  is  ' 
longer  a  case  of  a  single  central  chamber  in  a  cylindrical  wood)'  intcrnoj-, 
but  of  numerous  sponge-like  communicating  spaces  in  a  succulent  tuhi', 
which,  since  the  plants  in  question  are  epiphytes,  possibly  in  the  fi' 
place  serve  as  a  water-reservoir.     The  water  is  stored  in  the  parenchyi|i 
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Df  the  more  or  less  thin  partition-walls:  the  chambers  themselves  contain 
\\r  and  are  inhabited  bj-  ants.  Fairlj'  numerous,  but  ver\-  small,  openings 
illow  for  communication  with  the  exterior.  From  them  the  ants  rush 
3Ut  ready  to  attack,  as  soon  as  the  tubers  are  touched.  I  have  observed 
VI)'rmecodia  echinata  and  Hydnophytum  montanum  growing  wild  in 
lifferent  parts  of  Java  and  ha\-e  always  found  the  tubers  inhabited.  The 
argest  of  the  tubers,  that  I  have  observed,  is  shown  reduced  to  one-third 
if  its  size  in  Fig.  S6,  having  been  drawn  from  a  specimen  preserved  in 
Icohol. 


Fig.  85.   Myrmecodia  echinat.i.     Tuber  cut  longitudinally.     Below  is  an  epiphytic  fern. 
West  Java.     Natural  size. 

The  structure  and  development  of  the  tubers  of  Myrmecodia  and 
lydnophytum  have  been  admirably  described  by  Treub.  He  proved 
lat  the  structures,  which  were  considered  by  Rumphius  and  other  later 
bservers  as  a  kind  of  ant-gall,  are,  with  all  their  peculiarities,  brought 
bout  without  any  assistance  from  ants.  As  regards  their  function,  Treub 
xpressed  himself  very  cautiously  ;  yet  he  did  not  think  himself  warranted 
1  considering  the  tubers  as  adaptations  to  ants,  but  was  rather  inclined 
)  connect  the  utility  of  the  chambers  with  aeration.     IMost  botanists  who 
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Fig.  86.  Hydnopbytum  montamim.     Noesa  Kambangan,  South  Java.     One-third  natural  sizej 
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lave  occupied  themselves  with  myrmecophytes,  and  who  have  in  some 
:ascs  obtained  certain  proof  of  adaptations  in  them,  will  prefer  to  consider 
Vlyrmecodia  and  Hydnophytum  as  m^'rmccophytes.  A  proof  of  this 
•iew  has  not  yet,  however,  been  obtained. 

PliyUoinc-stnicinrcs  serving  as  dwelling-places  for  ants  are  even  con- 
iderably  more  varied  than  axial  parts  that  are  used  for  the  same  purpose. 
They  are  in  some  points  extremely  peculiar  ;  yet,  in  all  cases  coming  under 
his  head,  the  m\'rmecophily  is  highly  conjectural.  Even  in  the  certainly 
nyrmecophilous  acacias,  only  the  nutritive  corpuscles,  and  not  the  hollow 
tipular  thorns,  may  be  considered  as  indubitable  adaptations. 


7.  Capura  .ilata.    Myrmecophyle. 
garden,  Buitenzorg.    Natural  size. 


Fig.  88,  Actinodaphne  sp.,  from  Salak.   Botanic  garden, 
Buitenzorg.     Natural  size. 


In  many  plants  the  transformation  of  a  leaf  or  a  petiole  into  a 
lambered  structure  suitable  for  and  actually  used  as  an  ant-dwelling 
lay  be  shown  to  be  associated  with  other  factors,  for  example  in 
iiphytic  ferns,  Asclepiadaceae  and  Bromeliaceae,  in  which  the  chambers 
;rve  for  storing  water  or  earth. 

Figs.  87  and  (SS  are  illustrations  of  plants  that  I  studied  in  the 
otanic    garden    at    Buitenzorg,    in    which    mj'rmecophily    might    more 
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readily  be  suspected.  In  Capura  alata  the  large  spoon-shaped  stipule 
of  each  leaf  arc  bent  in  such  a  manner  as  to  enclose  within  then 
a  chamber-like  space,  the  marginal  gap  of  which  is  closed  as  far  as  ai 
entrance-aperture  by  a  kind  of  web  spun  by  the  ants.  I  found  th( 
chambers  nearlj'  always  inhabited  by  ants.  Still  more  peculiar  anc 
requiring  morphological  investigation  was  the  state  of  matters  in  a  tree 
described  as  Actinodaphne  sp.  coming  from  Salak,  in  which  each  twis 
terminates  in  a  roomy  chamber  lying  above  the  minute  terminal  buc 
and  formed  by  a  whorl  of  small  scale-leaves.  The  phyllomes  describee 
here  as  scale-leaves  are  distinguished  from  the  foliage-leaves  by  mucl 
smaller  size,  absence  of  petiole,  and  different  shape.  I  have  ahvay 
found  the  chambers  inhabited  by  ants,  which  appeared  to  belong  t( 
,  ^  a  species  very  abundant  else 

where  in  the  garden.  It  ii 
no  wonder  that  such  suitablil 
structures  should  be  inhabitec 
by  ants ;  it  appears  mucl 
more  remarkable  that  the  hoi 
low  stems  of  Triplaris  ant 
Humboldtia,  provided  wit! 
entrance-apertures,  should  b 
free  from  ants  in  the  gardei 
of  Buitenzorg,  at  least  so  fa 
as  my  observations  go. 

Still  further  deviations  froi: 
the  normal  leaf-structure  occuj 
among  the  tropical  America' 
Melastomaceae  in  the  gener 
Tococa,  Maieta,  Calophys; 
Myrmidone,  and  Microphys; 
as  well  as,  according  to  Schu 
mann,  in  the  rubiaceous  Remijia  physophora  and  Duroia  saccifera,  and  th 
tropical  African  sterculiaceous  Cola  Marsupium  '.  Here  at  the  base  c 
the  blade  of  the  leaf,  on  both  sides  of  the  midrib  and  sometimes  also  c 
the  petiole,  are  found  two  hollow  outgrowths  (Fig.  (S9),  which  in  th 
Melastomaceae  are  situated  on  the  under  surface  of  the  leaf  and  are  tj 
be  regarded  as  modified  domatia,  whilst  in  Duroia  they  belong  to  th! 
upper  surface  and  morphologically  represent  new  structures. 

All  the  above-mentioned  plants,  and  others  besides  that  are  inhabite 
by  ants,  are,  as  Schumann  first  pointed  out,  provided  with  an  abundar 
brownish-red  coat  of  hairs,  which  appears  in  some  way  to  be  connectc 
with  the  symbiosis. 

'  See  Schumann,  I,  regarding  all  these  plants. 


Fig.    Sg.    Tococa   lancifolia.      Base   of   leaf   with 

utricles.     A  seen  from  below,  showing  the  entrance  a. 

,  £  seen  from  above.    Natural  size.  After  K.  Schumann. 
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Most  plants  provided  with  ant-dwellings  at  the  same  time  supply  food  to  their 
protectors,  usuallj'  in  the  form  of  a  sugarj'  liquid  in  extra-floral  nectaries.  A 
cry  great  number  of  plants,  especially  in  the  tropics  \  possess  such  nectaries 
vvithout  at  the  same  time  providing  dwelling-places  for  the  ants.  Nevertheless 
some  naturalists,  especially  Delpino,  regard  all  such  structures  as  allurements  to 
protective  ants,  an  opinion  which  is  clearly  untenable  wlien  wc  bear  in  mind  the 
frequent  occurrence  of  extra-floral  nectaries  and  the  rarity  of  observations  on 
heir  efficiency  in  inducing  ants  to  protect  plants.  It  is  however  proved  that 
protection  is  aftbrded  in  certain  cases.  Thus,  when  at  Blumenau  in  Southern 
Brazil,  I  was  able  to  observe  how  ants,  which  there  very  commonly  visited 
Zassia  neglecta  in  order  to  suck  the  sweet  liquid  excreted  by  nectaries  at  the 
jase  of  the  petiole,  put  to  flight  marauding  leaf-cutting  ants^  though  they  did 
lot  interfere  with  a  beetle  that  was  usuallj'  present.  In  like  manner  R.  von 
^Vettstcin  proved  experimentally  in  the  case  of  Jurinea  mollis,  and  Burck  in 
everal  plants  in  the  Buitenzorg  botanic  garden,  that  unwelcome  visitors  were 
cept  away  from  the  flowers  bj'  the  ants.  On  the  other  hand,  I  have  not  been 
ible  to  prove  visits  b}'  ants  to  several  species  of  plants  provided  with  extra-floral 
lectaries. 

The  most  probable  view  at  present  appears  to  be  that  extra-floral  nectaries 
ulfil  a  still  unknown  function,  which  is  independent  of  the  ants,  but  is  in  some 
vay  connected  with  a  warm  climate,  and  that  they  have  only  secondarily  become 
nyrmecophilous  organs,  just  like  Belt's  and  Mtiller's  corpuscles  or  the  structures 
■ich  in  albuminoids  that  Burck  found  on  Thunbergia. 

We  may,  in  the  first  place,  tentatively  regard  as  allurements  selectivel}'  adapted 

0  ants  and  as  extra-floral  nectaries  modified  for  this   purpose,  these  structures 

hat  are  characterized   by  their  size,  striking  colour,  excretory   activitj',   by   their 

ongregation   near  the  flowers,  and  especially  by  the  great  assiduity  with  which 

hey  are  visited  by  ants  ;  but  only  the  proof  that  ants  aftbrd  an  essential  protection 

0  the  plant  will  give  a  firm  basis  to  this  hypothesis.     On  the  other  hand,   it   is 

D  be  hoped  tliat  success  will   be  attained  in  discovering  what  was   the   original, 

nd  in  manj'  cases  is  still  the  exclusive,  significance  of  the  nectaries.     That   this 

not    a    case    of  any  very   essential  function  is  prov-ed   by   experiments   made 

ith  plants  of  Cassia  neglecta  which    I    deprived   of  all   their   nectaries,   without 

oing  them  any  injurj'.     The  wounds  healed  quickly  and  excreted  no  sugar,  so 

lat  the  function  in  question  might  be  considered  as  being  completely  in  abej-ance. 

nfortunatelj'  there  was  not  time  to  ascertain  whether  the  plants,  thus  deprived 

f  their  nectar  and   no   longer  visited   by   the   protective  ants,   became  victims   to 

le  leaf-cutters. 

'  Complete  references  in  Delpino. 

^  Schimper,  op.  cit,  p.  68,  Plate  iii.  fig.  9. 
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CHAPTER   I 
THE    FORMATIONS 

I.  Climatic  and  Edaphic  Factors.  General  type  of  the  vegetation  determined  by 
itniosplicric  precipitation.  General  type  of  the  flora  determined  chiefly  by  heat.  Details 
letermined  by  edaphic  influences.  The  formations.  Principal  and  subsidiary  members. 
:)istinction  between  climatic  and  edaphic  formations.  2.  The  Climatic  Formations. 
.  Classificalion.  Characteristics  of  woodland  and  grassland.  The  struggle  between 
hem.  Invasion  of  the  Malayan  forest  by  the  alang-steppe.  Degradation  of  woodland 
.nd  grassland  into  desert.  Characteristics  of  deserts,  ii.  Woodhvid  Climate.  Climatic 
onditions  for  the  existence  of  trees.  Hygrophilous  and  xerophilous  trees.  The 
imits  of  tree-growth.  Brushwood.  Characteristics  of  woodland  climate,  iii.  Grassland 
^liiiiate.  Climatic  conditions  for  the  existence  of  grasses.  Characteristics  of  grassland 
limate.  iv.  MetcoiflUigical  Tables.  What  they  tell  and  what  they  should  tell. 
,.  The  Edaphic  Formations,  i.  Edaphic  Influences  in  general,  ii.  Ediphic  Formations 
'lie  to  Telluric  Water,  iii.  Open  Edaphic  Formations.  Rocks,  gravel,  sandy  soil. 
.-.  Transition  from  Edaphic  into  Climatic  Formations.  Krakatoa.  The  volcano 
Umter.     The  Camargue.     4.  Life  of  the  Plant-commune  in  the  Formations. 


I.    CLIMATIC   AND    EDAPHIC   FACTORS. 

If  one  looks  down  upon  the  flat  virgin  tract  of  country  from  a 
onsiderable  height,  say  from  the  top  of  a  mountain,  or  better  still  from 
.  balloon,  the  character  of  its  vegetation  as  a  rule  appears  uniform,  either 
s  ivoodlmid,  grassland,  or  desert.  It  is  true  that  even  from  a  great 
listance  some  interruptions  of  the  prevailing  monotony  may  be  dis- 
inguished.  Where  for  instance  a  river  traverses  the  grassy  landscape, 
ts  banks  are  frequently  clad  by  belts  of  forests,  or  the  dry  desert 
hows  spots  and  strips  of  luxuriant  vegetation.  These  are  indeed  mere 
ccidents,  having  no  influence  on  the  general  character  of  the  landscape, 
■  hich,  excepting  where  two  districts  meet,  always  belongs  to  one  or 
ther  of  the  three  above-mentioned  types. 

Chains  of  mountains  are  frequently  boundary  walls  between  districts 
f  dissimilar  types  of  vegetation.  Thus  the  forest  district  of  North 
Vfrica  is  separated  by  the  Atlas  Mountains  from  the  Sahara  desert, 
liat  of  North  \"enezuela   b\'  the   Cordilleras    from   the  grassland  of  the 
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Llanos,  the  forest  of  Brazil  and  the  Argentine  by  the  Andes  from  the 
desert  of  Peru,  Bolivia,  and  North  Chili.  In  other  cases  the  transitior 
is  more  gradual.  The  eastern  forest  district  of  North  America  graduall) 
passes  westward  into  the  grassland  district  of  the  prairies,  and  the  latte; 
towards  the  west  gradually  assumes  the  condition  of  a  desert ;  a  simila 
phenomenon  is  exhibited  in  the  transition  from  the  Russian  forest  distric 
to  the  South  Russian  steppes,  and  from  the  latter  to  the  Caspian  desert 
Whether  the  change  be  more  sudden  or  more  gradual,  it  always  correspond, 
to  a  change  in  climatic  humidity. 

Tlie  type  of  vegetation  in  the  tropical  and  temperate  zones  is  detenuiiiti 
by  the  amount  and  distribution  of  the  rainfall,  by  the  humidity  of  thi 
air,  and  by  the  movements  of  the  atmosphere,  which  essentially  affcc 
vegetation  onh'  by  their  desiccating  influence. 

T/ie  type  of  the  flora  in  so  far  as  it  depends  on  existing  factors  i 
dependent  primarily  on  heat,  especially  if  we  consider,  not  the  group 
of  lower  order  (genera  and  species),  but  those  of  higher  order  (cohort; 
orders,  and  families).  Only  in  polar  areas  is  the  temperature  importan 
as  a  climatic  cause  of  a  type  of  vegetation — in  the  cold  desert  o 
tundra. 

On  nearer  approach  the  uniform  character  of  the  vegetation  of 
district  appears  much  less  distinct,  for  to  the  irregularities  alread}'  visibl 
from  a  distance  a  number  of  fresh  ones  are  added,  such  as  small  patche 
covered  with  reeds  in  the  midst  of  a  forest,  scantily  stocked  gravel,  an 
the  like.  Moreover,  woodland,  grassland,  and  desert  display  man\-  fin 
shades  of  differences  within  their  types ;  here  the  character  is  moi 
hygrophilous,  there  more  xerophilous,  with  countless  stages  between  th 
two  extremes.  Finally,  the  composition  of  the  flora  that  could  in  mo.- 
cases  not  be  discerned  from  a  distance  is  subject  to  more  or  less  sudde 
changes.  This  fine  differentiation  of  the  vegetation  and  flora  withi 
a  climatic  district  is  chiefly  determined  by  the  soil.  Only  when  thei 
is  considerable  unevenness  of  surface  does  the  inequality  of  the  insolatio 
operate  as  well ;  but  the  influence  of  this  factor  is  alwaj-s  subordinat 
to  the  physical  and  chemical  nature  of  the  soil. 

The  differentiation  of  the  earth's  vegetation  is  thus  controlled  by  thri 
factors — heat,  atmospheric  precipitation  {including  winds),  soil.  He; 
determines  the  flora,  climatic  humidity  the  vegetation ;  the  soil  as  a  rir 
merely  picks  out  and  blends  the  material  supplied  bj-  these  two  climat 
factors,  and  on  its  own  account  adds  a  few  details. 

The  blending  activity  of  the  soil  leads  to  a  differentiation  into  sometinn 
smaller  and  sometimes  larger  groups  of  uniform  oecological  and  floristic 

*  [The  introduction  of  this  adjective  in  the  sense  of  relation  to  'flora,'  as  '  faunisti' 
is  used  in  relation  to  '  fauna,'  appears  to  be  necessary  because  of  the  botanical  restiictit 
of '  floral '  to  the  flower  and  its  parts.] 
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ypc,    the    characteristics    of    wliich    are    exactly    repeated    on    the    same 
<inds  of  soil  so  long  as  the  climate  is  unchanged,  whereas  the  different 
inds  of  soil   bear  different   kinds  of  plants.      77/f  comDniuitics  of  plants 
w  dctenniiicd  by  the  qualities  of  the  soil  are  teniied  foniiations. 

In  each  formation  one  species  of  plant,  or  a  group  of  species,  is 
iiaractcristic :  plants  that  merely  occur  sporadically  are  unessential  to 
he  formation,  and  commoner  subsidiary  constituents  can  only  give  a 
iflfercnt  facies  to  the  formation.  Thus,  in  Europe,  we  are  acquainted 
,ith  the  formation  of  the  beech-forest,  where  Fagus  sylvatica  predominates, 
nd  with  at  least  two  facies  of  dissimilar  herbaceous  vegetation'.  If 
iie  composition  of  the  vegetation  should  alter  while  the  nature  of  the 
oil  remains  unchanged,  this  is  a  certain  indication  of  transition  into 
nother  climate.  A  sudden  change  of  formations  while  the  quality  of 
le  soil  remains  unaltered  is  only  found  in  mountain  ranges  in  relation 
3  the  sudden  change  in  climate. 

Whilst    every    formation    is    in    its    floristic    and    oecological    character 

product  of  climate  and  soil,  yet  the  influence  of  the  several  climatic 
nd  cdaphic  factors  is  not  equal.  The  influence  of  the  soil  is  always 
ilh.rdinate  to  that  of  the  climatic  temperature,  whereas  under  certain 
onditions  that  are  indeed  merely  local  it  neutralizes  that  of  the 
:mospheric  precipitation.  Thus  woods  occur  in  many  spots  where  the 
iniate  would  give  rise  to  grassland,  or  we  maj-  find  the  converse,  and 
gorous  forest  thrives  in  patches  under  a  desert  climate  with  a  very 
:anty  atmospheric  precipitation.  Definite  properties  of  the  soil  may 
so  bring  forth  a  character  of  vegetation  that  belongs  to  none  of  the 
imatic  tj'pes.     These   climatic   types   demand   a   favourable  constitution 

the  soil  congenial  to  the  vast  majority  of  the  plants.  Extreme 
•operties  of  the  soil  that  are  unfavourable  to  the  life  of  most  plants 
:t  vegetation  free  from  the  controlling  influence  of  atmospheric  pre- 
pitation.  Consequently  the  vegetation  of  rocks,  gravel,  swamps,  and 
her  special   spots,  bears   in   the   highest  degree  the  oecological   impress 

the  substratum,  and  this  impress  for  the  most  part  remains  identical 
ider  very  dissimilar  conditions  of  climatic  humidity,  which  on  such 
lis  plays  only  a  subordinate  part. 

From  \\hat  has  preceded  it  appears  that  tzvo  oecological  groups  of 
nnalions  should  be  distinguished— the  eliniatie  or  district  formations, 
e  character  of  whose  vegetation  is  governed  by  atmospheric  precipitations, 
'd  the  cdaphic  or  local  formations,  whose  vegetation  is  chiefly  determined 
■  the  nature  of  the  soil. 

'  See  p.  III. 
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2.   THE   CLIMATIC   FORMATIONS. 

i.   CLASSIFICATION. 

Climatic  formations  may  be  traced  back  to  three  chief  types — zvoodlaiu 
grassland,  and  desert. 

Woodland  is  constituted  essentially  of  woody  plants,  and  is  terme; 
forest  if  trees  grow  in  a  closed  condition  ;  bushicood,  when  shrubs  are  s 
abundant  as  to  keep  the  crowns  of  the  trees  from  touching  one  another 
s/inilni'ood,  where  shrubs  constitute  the  chief  feature.  Herbaceous  planlj 
are  always  present  on  woodlands,  but  as  accessory  components  onl_v^ 
they  are  completely  dominated  in  their  oecology  by  woody  plants. 

Grassland  consists  essentially  of  perennial  grasses  growing  in  tuftl 
Other  herbaceous  plants,  even  if  they  should  be  just  as  numerous  :' 
the  grasses,  are  merely  companions  of  the  grasses,  for  the  existence  < 
the  formation  depends  in  the  first  place  on  its  grassy  covering.  Gras 
land,  when  hygrophilous  or  tropophilous,  is  termed  nteadoiv  ;  when  xer. 
philous,  steppe  ;  and  xerophilous  grassland  containing  isolated  trees 
savanna/i. 

Woodland  and  grassland  stand  opposed  to  one  another  like  two  equal 
powerful  but  hostile  nations,  which  in  the  course  of  time  have  repeated 
fought  against  one  another  for  the  dominion  over  the  soil.  The  climat 
that  now  prevail  have  limited  the  domains  of  each  of  the  opponeni 
but  merely  slight  changes  of  climate  would  suffice  to  revive  the  conte. 
In  districts  which,  in  a  sense  to  be  explained  further  on,  possess  neith 
a  decided  woodland  climate  nor  a  decided  grassland  climate,  the  actii 
of  mankind  sutilices  to  start  the  struggle.  Thus  at  the  present  tin- 
owing  to  the  clearance  of  forests  in  Eastern  Java  and  a  few  other  localiti 
in  the  Malayan  Archipelago,  districts  formerly  occupied  by  woodlaij 
are  being  invaded  by  grass.  Although  I  have  personally  witnessed  tl' 
contest,  yet  I  will  give  an  account  of  it  in  the  words  of  Junghuhn,  t 
veteran  authority  on  Malayan  vegetation,  for  it  is  hardh-  possible 
equal  his  clearness. 

When  the  soil  remains  uncultivated  after  clearing  the  forest,  ' 
a  rule  the  social  and  dense-growing  alang-grass  (Imperata  Koenig 
Beauv.)  first  replaces  the  vanished  forests,  then  areas  extending  for  mil 
even  indeed  for  whole  days'  journeys,  are  transformed  into  a  unifci 
wilderness  of  dense  grass  three  to  five  feet  high,  while  on  mounta- 
slopes  the  same  grass  extends  far  beyond  its  original  zone,  and  spread! 
over  everything  it  ranges  up  to  altitudes  of  6,coo-7,ooo  feet,  being  almi 
insensible  to  differences  of  temperature. 

'  Its  silken-haired  seeds,  light  as  the  tenderest  down,  are  wafted  aw 
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in  millions  by  the  slightest  breath  of  wind  and  i4rcatly  facilitate  its 
general  distribution,  whilst  its  creeping  and  deeply  penetratinf  roots 
increase  the  difficulty  of  eradication  when  once  this  grass,  so  tenacious 
Df  life,  has  established  itself  I  have  reasons  for  believing  that  while 
:he  land  was  in  its  original  condition  the  alang-grass  was  restricted  to 
sundry  sterile,  arid,  waterless  tracts  of  the  hot  zone,  and  was  chiefly 
;onfincd  to  heavy,  hard,  easily  dried  clay  soil,  with  an  iron-pan,  but  that 
It  the  present  time,  wherever  we  meet  this  grass  on  a  fertile  light  soil  and 
HI  mountain-slopes  at  above  2,000  feet,  this  state  of  aftairs  is  first  brought 
ibout  by  the  hand  of  man.  ...  In  Northern  Sumatra,  especially  in  the 
Satta  country  that  has  been  devastated  by  war,  grassy  wastes  have  conse- 
luently  come  into  existence  which  cover  everything  far  and  wide  with 
hideous  uniformity  and  overrun  plain,  mountain,  and  valley  with  their 
diitish-grecn  mantled' 

It  is  probable  that,  unless  man  should  again  intervene,  the  alang- 
tcppe  will,  in  the  course  of  time,  again  give  way  to  the  forest,  for 
imatic  conditions  arc  in  every  way  more  suited  to  forest  than  to  grass- 
ind.  In  a  decided  forest  climate,  for  example  along  the  Brazilian  coast, 
Drest  quickly  succeeds  to  devastated  forest,  although  it  is  of  a  more 
erophilous  character  than  before,  being  the  so-called  '  capoeira.' 
Desert,  the  third  leading  t}-pc  of  climatic  formation,  originates  when, 
n  account  of  too  great  drought  or  cold,  climatic  conditions  are  hostile 
3  all  vegetation  ;  the  types  of  both  woodland  and  grassland  then  become 
:unted  and  their  differences  become  obliterated,  for  the  straggle  between 
lem  ceases.  The  soil  is  then  monopolized  by  such  woody  or  herbaceous 
lants  as  can  still  contend  successfully  against  the  inclemency  of  the 
imate.  Transition  forms  between  desert  on  the  one  hand,  and  wood- 
uid  or  gra.ssland  on  the  other,  are  termed  semi-deserts. 
In  the  woodland  and  in  the  grassland  such  plants  alone  can  thrive  as 
re  at  their  oecological  optimum  in  respect  to  all  external  factors,  other- 
ise  they  would  perish  in  the  struggle  with  stronger  competitors.  In 
eserts  this  is  no  longer  a  necessary  condition,  as  the  struggle  between 
le  plants  ceases.  Woodlands  and  grasslands  are  closed  formations,  at 
ast  in  an  oecological  sense ;  more  components  cannot  be  admitted 
to  them  and  numerous  seedlings  are  continually  perishing  in  the  general 
Miflict.  The  desert,  on  the  contrary,  is  oecologlcally  an  open  formation, 
lost  seeds  do  not  germinate  in  it,  and  seedlings  frequently  succumb  to 
le  inclemency  of  the  climate.  Others  prolong  their  miserable  existence, 
lan)'  plants  die  and  their  places  are  not  reoccupied.  There  are  always 
any  vacant  spaces  to  be  filled  in  the  desert". 

'  Junghuhn,  op.  cit..  Bd.  I,  p.  153. 

Very  sparsely  stocked  s/a/io/is  in  climatic  districts  suitable  for  woodland  or  grassland 
ist  not  be  confounded  with  climalic  deserts.     See  under  Edaphic  Formations,  p.  176. 
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To  consider  grassland,  as  is  frequently  done,  as  the  sign  of  a  'bad 
climate,'  as  an  evidence  of  poverty  in  Nature,  as  a  transition  state  between 
forest  and  desert,  is  at  best  comprehensible  from  a  forester's  point  ol 
view,  but  is  neither  scientifically  nor  practically  justifiable.  Indeed  certair 
forms  of  woodland  are  climatically  more  accommodating  in  their  demand; 
than  is  grassland.  Victory  in  the  struggle  between  woodland  and  grass-i 
land  belongs  to  the  one  of  the  two  antagonists  with  which  the  givei 
climatic  conditions  best  correspond. 

Accurate  knowledge  of  the  demands  made  on  the  one  hand  b\-  wood) 
plants,  and  on  the  other  by  grasses,  in  regard  to  atmospheric  precipita 
tion,  movements  of  the  air,  and  heat,  will  yield  us  the  elements  of  whicl 
a  woodland  climate  and  a  grassland  climate  are  composed. 

ii.    WOODLAND   CLIMATE. 

Let  us  first  consider  the  woody  plant  in  its  most  complete  development 
as  a  tree.  In  the  tree  the  transpiring  surface  is  at  a  greater  distanc 
from  the  water-supply  in  the  soil  than  it  is  in  the  shrub  or  herb  ;  besidi 
this,  the  strata  of  air  surrounding  that  transpiring  surface  have  propertic 
different  to  a  certain  extent  from  those  nearer  the  soil ;  finally,  at  leas 
in  many  cases,  the  transpiring  surface  of  the  tree  is  larger  when  compare^ 
with  the  corresponding  surface  of  the  ground  than  it  is  in  the  shrub  o 
herb. 

On  the  other  hand,  the  tree  has  at  its  disposal  a  vast  root-s)'sten 
which  is  capable  of  utilizing  very  deep-lying  supplies  of  water,  and  upo 
these  it  often  mainly  relies,  as  its  root-tips  for  the  most  part  lie  ; 
a  considerable  depth  below  the  surface  of  the  ground. 

Our  present  knowledge  of  the  physiology  of  trees  is  in  the  mai 
derived  from  the  Central  European  flora,  the  trees  of  which  all  transpiii 
freely  although  in  an  unequal  degree,  and  are  correspondingly  highll 
water-demanding  and  hygrophilous  during  the  vegetative  season.  Tl' 
most  comprehensive  and  useful  investigations  regarding  the  transpiratio 
of  the  forest  trees  of  Central  Europe  have  been  carried  out  by  R.  vc 
Hohnel  \  from  whose  works  the  following  data  are  taken  : — 

The  author  experimented  with  seedling-trees  5-6  years  old  and  50-80  cm.  Iiil 
which  had  been  planted  in  ordinary  garden-pots  16  cm.  high  and  each  containii 
3J-5  kilograms  of  earth.  Tiie  pots  were  surrounded  by  wide  air-tiglit  sheet-zii 
cases,  made  so  that  not  only  was  it  possible  to  water  the  plants  while  the  p 
was  kept  completely  enclosed,  but  also  that  the  soil  did  not  come  into  ai 
contact  with  the  zinc.  In  this  way  all  loss  of  water  from  the  soil  was  exclude 
and  a  correct  determination  of  the  amount  of  transpiration  secured.  Tl 
experiment   was   also   so    arranged   that   the   pots   could   not    be    exposed    to   tl 

'  Von  Hohnel,  op.  cit. 
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direct  rays  of  the  sun,  and  should  therefore  necessarily  assume  about  the  same 
temperature  as  the  soil.  Care  was  also  taken  that  the  seedling-trees  experimented 
vvitli,  and  which  stood  in  the  forest-nursery  at  Mariabrunner,  should  be  under 
xternal  conditions  at  least  approximately  similar  to  those  of  the  difl'erent  parts 
Df  the  crowns  of  trees  in  the  forest. 

AVERAGE 'AMOUNT  OF  TRANSPIRATION  FROM  JUNE  i  TO 
END  OF  NOVEMBER  (after  Von  Hohnel). 

(The  figures  represent  gr.inis  of  water  lost  on  loo  grams  dry  weiglit  of  foliage  or  needles.') 


iirch 67-987 

Jme 61-519 

^sh 56689 

^ornbeam 56-251 

ieech 47-246 

Corway  maple        ....  46-287 

ycamore 43'577 

'omnion  elm 40'73 1 


Pedunculate  and  sessile  oak  .         .     28-345 

Turkey  oak 25.333 

Common  maple      ....     24-683 


Spruce 5-847 

Scots  pine 5-S02 

Silver  fir  .         .         .         .         .  4-402 

Black  pine      .....  3-207 


Von  Hohnel  came   to  the   conclusion   regarding   the   amount   of  water   used   by 

hectare'    of  beech    high-forest    115    years    old,    that    'according    to    various 

ssuniptions    it    amounts    to    3.587,000-5,380,000    kilograms    of   water    during    the 

egetative  season.     A  beech  wood,  fifty  to  sixty  years  old,  during  the  six  months' 

getative  season  transpired  2,330,900  kilograms  per  hectare,  and  a  beech-pole 
ood,  thirtj'  to  forty  years  old,  transpired  in  the  same   period  680,000  kilograms.' 

Since  the  total  rainfall,  roughly  speaking,  during  the  whole  year  amounted  to 
000,000  kilograms,  it  corresponded  excellently  with  the  results  of  tiie  transpira- 
m  obtained  in  the  experiment  -. 

Besides  the  few  trees  tliat  arc  hygrophiloits  during  the  vegetative  season, 
id  alone  occur  in  Central  Europe,  there  arc  also  some  that  are  markedly 
'rophilous,  in  fact  some  that  will  thrive  on  the  driest  desert-soil.  It  may 
rove  to  be  one  of  the  most  interesting  tasks  for  future  botanical  travellers 
i  investigate  the  conditions  of  life  of  these  markedly  xerophilous  trees, 
r  example  those  that  appear  in  great  variety  in  dry  savannahs  and  in 
epical  deserts. 

The  depth  of  their  root-system  renders  it  possible  for  trees  to  thrive  in 

ras  ivlicre   long    seasons   of  dronght   accompanied  by  great  heat  recur 

-iodically,  as  in  the  Mediterranean  countries,  in  Cisgangetic  India, 
id  in  the    Soudan.     The  incorrectness   of  the   opinion   frequently  held, 

at  forest  for  its  proper  development  requires  atmospheric  precipitations 
all  seasons   of  the  year,  but   especially  during  the  vegetative  season, 

satisfactorily    shown   hy  the  occurrence  of  forest   in   regions   with   hot 

y  seasons. 

It  is  neither  frequent  atmospheric  precipitation   nor  a  rainy  vegetative 

'  2-47  acres.  -  Von  Hohnel,  op.  cit.,  p.  290. 
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season  tliat  is  of  iniporlance  to  trec-growtJt,  hut  it  is  the  continuous  presence 
of  a  supply  of  ivater  ivitJiin  reach  of  the  extremities  of  the  roots,  and 
therefore  at  a  considerable  depth  in  the  soil.  It  is  immaterial  during 
what  season  this  supply  is  renewed.  There  are  forest  districts  z^'ith  rain 
at  all  seasons  of  the  year  and  others  zvith  dry  seasons.  In  districts  with 
dry  seasons  tlie  rainy  season  may  mainly  or  entirely  coincide  ivith  the 
vegetative  season,  as  in  the  tropics  or  the  interior  of  Argentina,  or  the 
rainy  season  may  coincide  icith  a  season  that  is  relatively  one  of  rest 
for  vegetation,  as  in  extra-tropical  districts  with  winter  rain,  including 
Mediterranean  countries,  the  South  Caspian  district,  Chili,  California, 
South-west  and  South  Australia. 

The  trees  of  a  forest  district  with  a  dry  vegetative  season  are 
dependent  on  water-supplies,  collected  during  winter,  and  occurring  at 
a  considerable  depth ;  they  have  corresponding  characteristics.  Theirj 
root-system  penetrates  deeply  into  the  soil  and  is  strongly  developed 
the  stem  and  roots  are  frequently  furnished  with  apparatus  for  storing; 
water,  the  foliage  is  protected  against  rapid  loss  of  water  in  hot  dry  air. 
In  districts  without  a  markedly  dry  season,  or  where  this  is  at  the  same 
time  a  period  of  rest  for  tree-vegetation,  the  trees  possess  less  perfeclj 
absorptive  and  protective  contrivances.  The  foliage  is  delicate  and  tran- 
spires freely,  the  whole  character  is  hygrophilous,  but  yet,  in  abnormal!) 
dry  seasons,  even  hygrophilous  trees,  like  all  deep-rooted  plants  a: 
opposed  to  shallow-rooted  ones,  show  remarkable  powers  of  resistance. 

Thus  during  the  rainless  vegetative  .season  of  the  year  1H93,  along  thi 
Rhine  and  in  Western  Switzerland,  meadow  grass  grew  to  a  quite  inconsider 
able  height  only,  and  most  perennial  herbs  in  the  meadows  completely  driei 
up  before  the  end  of  June.  Above  the  low  straw-coloured  sward  of  thi 
meadows,  lucerne,  sainfoin,  and  other  deeply  rooted  perennial  herbs  stoo( 
out  as  fresh,  sap-green,  luxuriant  bushes.  The  foliage  of  trees  only  in  Jul; 
became  partially  dry,  and  the  fruit  was  as  succulent  as  usual  and  grew  t 
its  ordinary  size.  Considerable  supplies  of  water  provided  by  the  winte 
rain,  therefore,  still  remained  stored  in  the  soil,  though  only  accessible  t 
deeply  rooted  plants.  Yet  here  we  are  dealing  with  a  vegetation  tha 
is  hygrophilous  during  the  summer  and  under  normal  conditions  is  nc 
exposed  to  drought  associated  with  a  high  temperature. 

Important  observations  regarding  the  significance  of  the  amount  c 
rainfall  and  winter  rain  to  the  forest  have  been  communicated  b 
Woeikof :  — 

'  I  will  not  deny  the  influence  of  summer  rain  on  forests,  as  on  all  other  kiiic 
of  vegetation,  but  atmospheric  precipitations  falling  in  the  cold  season,  especiall 
when  they  occur  in  the  form  of  snow,  are  far  more  important.  Forests  reqiiii 
a  continuous  supply  of  water  in  the  stratum  containing  their  roots,  in  order  1 
balance   the   continuous   evaporation    from   the   leaves.     The   colder   the  season 
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during  which  the  precipitations  occur,  the  finer  these  precipitations  are  and  the 
more  regularly  distributed,  so  much  the  more  water  penetrates  into  the  deeper 
strata  of  the  soil,  instead  of  running  quickly  over  the  ground  and  fillino-  the 
rivers.  Still  better  for  vegetation  is  a  covering  of  snow.  Whether  it  fall  early 
or  late,  the  snow  always  melts  in  the  spring,  when  vegetation  requires  most 
water.  The  permanent  snow-covering  of  winter  is  the  chief  cause  of  the 
presence  of  forests  in  North  Russia  and  Sweden,  although  the  annual  rainfall 
is  much  less  there  than  in  Western  Europe.  In  the  south,  in  the  steppes  the 
amount  of  snow  that  falls  is  much  less,  and  even  that  which  has  fallen  is  blown 
away  by  the  strong  winds  and  collects  in  hollows,  whilst  the  ridges  remain  free 
from  snow '.' 

'A  proof  that  woody  plants  e.xist  without  summer  rain  is  aflbrded  by  the 
trees  that  are  cultivated  without  artificial  supplies  of  water  in  Southern  Europe, 
where  during  summer  frequently  not  a  drop  of  rain  falls  for  months,  and  yet 
even  the  vine  bears  plenty  of  fruit,  and  for  this  of  course  much  water  is  needed. 
On  the  south  coast  of  the  Crimea,  for  instance,  the  vine-growers  set  not  the 
slightest  value  on  the  summer  rain  ;  it  has  no  influence  on  the  abundance  of 
the  vintage,  for  it  wets  the  soil  too  superficially.  It  is  quite  different  with  tlie 
rains  during  late  autumn  and  winter,  which  are  plentiful  enough  to  render  the 
soil  thoroughly  wet  to  the  depth  of  a  meter  and  to  yield  a  supply  for  the  whole 
of  the  succeeding  summer. 

'  Not  only  vine-growers  but  all  persons  engaged  in  agriculture  or  horticulture 
know  very  well  that  frequent  but  light  showers  of  rain  do  little  or  no  good,  and 
that  it  is  better  if  in  the  course  of  a  month  there  are  two  rainy  days  with  a 
fortnight's  interval  between  them,  each  giving  20  mm.  of  rainfall,  than  if  the 
same  amount  were  to  fall  in  fourteen  days  at  the  rate  of  3  mm.  on  each  rainj-  day  : 
since  in  the  former  case  the  soil  is  wetted  to  a  greater  depth,  but  in  the  latter 
case  the  rain-water  remains  almost  entirely  in  the  uppermost  stratum  of  the 
soil,  provided  that  drought  prevailed  before  the  rain  fell  -.' 

'A  consideration  of  the  country  near  the  Volga  and  the  Eastern  Caucasus  has 
convinced  me  of  the  close  connexion  between  the  cultivation  of  winter  corn  and 
lorest  growth.  In  districts  with  a  cold  winter  (below  o"  C.)  a  continuous  snowy 
covering  is  necessary,  so  that  the  soil  in  the  spring  may  be  completely  permeated 
with  moisture;  summer  rain  cannot  compensate  for  the  absence  of  snow  because 
of  the  irregularity  of  its  occurrence  and  the  great  amount  of  rain  that  falls  at 
one  time  and  forthwith  runs  oft'  without  benefiting  the  soil. 

'  In  more  southern  districts  regular  winter  rains  are  necessary  in  order  to 
render  the  cultivation  of  winter  fruits  possible.  If  the  rainfall  is  scantv',  cereals 
will  grow  and  yield  a  safe  harvest,  but  forests  cannot  exist.  This,  for  instance, 
we  see  on  the  peninsula  of  Apsheron.  There  winter  wheat  is  everywhere 
sown ;  it  3'ields  unsatisfactory  but  safe  harvests,  for  wheat  requires  moisture 
only  in  the  uppermost  stratum  of  the  soil.  If  the  atmospheric  precipitations  in 
autumn  and  winter  are  more  plentiful,  forest  vegetation  can  also  thrive.  This,  for 
instance,  we  see  at  Leukoran.  Somewhat  to  the  nortli  of  the  town  are  some 
:oIonies  of  Russian   sectaries,   who   sow    winter    wheat    and    barle}'    exclusivelj*. 

'  Woeikof,  I,  p.  243.  -  Id.  II,  Bd.  II,  p.  255. 
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The  yield  is  excellent,  but  summer  fruits  cannot  be  cultivated  ;  the  soil  dries  up 
so  completely  even  in  May  that  it  is  impossible  for  the  plants  to  flower.  In  this 
district  there  are  forests  with  large,  tall-stemmed  trees.  The  supply  of  water 
that  is  collected  in  winter  suffices  to  cover  the  evaporation  during  summer  \' 

The  greater  the  amount  of  water  in  the  soil,  whether  it  is  derived  from 
rain  or  from  percolating  water  telluric  in  origin,  the  greater  in  general  is 
the  height  of  the  trees  and  the  richer  their  foliage.  However,  the  tallest 
known  trees,  such  as  the  Sequoia  of  California  and  the  Eucalyptus  of 
Australia,  are  not  inhabitants  of  a  specially  moist  soil ;  here  specific 
characters  are  largely  involved.  With  a  decreasing  supply  of  water  in 
the  soil,  the  height  of  trees  and  the  surface  of  their  foliage  generally 
diminish,  yet  many  lofty  trees  are  still  found  on  dry  soil,  for  examp  e 
in  tropical  savannahs.  The  driest  districts  possess  only  stunted  trees. 
Trcc-growtli  is  entirely  prci'cntcd  only  by  such  a  degree  of  drought  as 
excludes  all  kinds  of  plants  ivit/i  the  exception  of  the  loiver  cryptogams. 

The  amount  of  water  necessary  for  the  well-being  of  hygrophilous 
trees  obviously  increases  with  the  temperature.  In  the  temperate  zones, 
hygrophilous  trees-  thrive  with  a  rainfall  that  in  the  tropics  would  satisfy 
only  xerophilous  trees.  This  matter  is  considered  more  in  detail  under 
the  special  climatic  headings  dealing  with  the  individual  zones.  Here 
however  it  may  be  mentioned,  that  in  the  tropics — with  the  obvious 
exception  of  the  banks  of  sheets  of  water — hygrophilous  trees  require  an 
annual  rainfall  of  at  least  150  cm.,  whereas  in  the  cool  regions  of  the  tem- 
perate zones  60  cm.  are  sufficient.  The  occurrence  of  lofty  xerophilous 
trees  depends  less  on  the  amount  of  rain  than  on  specific  characteristics. 

Another  important  factor  in  relation  to  the  growth  is  the  aviount  of 
aqueous  vapour  in  the  atmosphere,  in  which  of  course  it  is  not  the  absolute 
but  the  relative  vapour  tension  that  is  of  significance.  In  this  respect 
trees  are  less  favourably  situated  than  plants  of  less  height,  for  their 
transpiring  surfaces  are  situated  in  higher  and  therefore  drier  and  more 
agitated  strata  of  the  atmosphere.  The  larger  h\-grophilous  trees,  when 
in  leaf,  require  an  average  relative  humidity  of  about  f^'o  /^,  descending 
to  60"/^  for  a  few  hours  only  during  the  day.  Less  atmospheric  humidity 
suflices  for  xerophilous  trees,  and  some  species,  even  when  in  leaf,  appear 
able  to  endure  without  injury  a  relative  humidit)'  of  30  7^,  lasting  for  some 
time. 

As  has  been  explained  in  an  earlier  chapter',  it  is  of  the  greatest 
importance  in  relation  to  tree-groivtii  whether  the  surrounding  atnu^spheric 
strata  are  visually  at  rest  or  in  motion,  as  the  wind  causes  a  vast  increase 
in  transpiration.  Dry  winds  during  frosty  weather  determine  the  polar 
limit  of  the  grozvth   of  trees.     Before  the    final    proof  of   the    fact  was 

V.  oeikof,  I,  p.  243.  2  Ti-ggs  hygrophilous  in  the  vegetative  season. 

^  See  p.  77. 


Chap.  I] 


THE    FORMATIONS 


169 


lyo  FORMATIONS   AND   GUILDS  [PaPxT  II 

supplied  by  Kihlman,  very  hazy  ideas  prevailed  in  geographical  botany 
as  to  the  causes  of  the  absence  of  trees  within  the  arctic  zone.  At  one 
time  it  was  ascribed  to  the  cold,  then  to  the  shortness  of  the  vegetative 
season,  then  to  a  combination  of  both  these  factors,  although  no  character 
founded  on  the  physiology  of  trees  could  in  any  way  support  such  an 
assumption.  That  sev-ere  and  persistent  winter  cold  is  not  incompatible 
with  the  growth  of  trees  follows  from  the  fact  that  the  lowest  degree  of 
cold  known  an}-where  occurs  in  the  Siberian  forest  district'. 

The  significance  of  the  wind  in  relation  to  tree-growth  was  already  recognized 
by  Middendorft",  though  not  on  physiological  grounds,  as  appears  from  the 
following  extract  from  his  work  on  Siberia-:  'I  am  ready  to  maintain  that  in 
the  extreme  north  a  favourably  formed  shelter  against  the  wind  is  of  much 
greater  importance  than  the  geographical  latitude  or  altitude  above  sea-level. 
A  shelter  a  few  fathoms  high  favours  tree-growth  there  much  more  than  fifty 
thousand  or  a  hundred  thousand  fathoms  less  of  northern  latitude.' 

It    is    well   known    that    the    north    polar    tree-limit    does    not   form   ar 
.^  sharp  line  of   demarcationj 

'-''jas ,  between  forest  and  treeless! 

^--"^^  tundra.     Tree-growth    be- 

comes gradually  reduced 
before  it  entirely  disap- 
pears, as  was  clearly  pointed 
out  by  IMiddendorff  and 
especially      by      Kihlman 

Fig.  91.  Jimiperas  comiTiunis.     Tabular  grosvtb.    At  tlie  Aliddendorff  "'iveS   a   rOUf^h 


limits  of  tree-growth.     After  Kihlman. 

menon  without  entering  into  its  causes  :- 


description  of   the   pheno-l 


'  If  we  follow  the  tree-limit  over  large  tracts  of  countrj-  and  observe  all  tht 
difl'erent  species  of  trees  appearing  on  them  round  the  North  Pole,  we  see  tha 
they  all  in  like  manner  become  stunted  and  degenerate  into  gnarled  growth- 
(Fig.  90):  both  broad-leaved  species  and  conifers  eventualh'  become  dwarlei 
into  veterans,  two  feet  or  even  one  foot  in  height '.' 

The  deformities  that  tree-growth  experiences  near  its  polar  limit 
originate,  as  Kihlman  shows,  from  desiccation  in  winter,  the  increase  0 
which  in  the  northerly  direction  finalh-  checks  all  tree-growth  : — 

'On  observing  the  development  of  the  juniper,  as  it  appears  in  the  highe 
forest  region  or  in  the  interior  of  the  tundra  (Fig.  91),  it  will  be  found  that  th 
tip  of  the  main  axis  regularly  dies  as  soon  as  it  h'as  attained  a  certain,  somewhr 
variable,  height  above  the  ground.  The  side  branches  however  continue  to  gro\ 
obliquely  upwards,   or  almost   horizontally,   until  their  tips   also   die   at  the  fixe 

'  See  p.  40.  ^  IMiddendorff,  op.  cit.,  p.  683.  '  Id.  p.  675.         ' 
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fatal  level.  As  the  juniper  has  absolutely  no  power  of  emitting  suckers  from  its 
roots  or  even  supplcmentarj'  shoots  from  the  base  of  the  stem,  there  results  a 
low  tabular  little  tree,  whose  dense  umbrella-shaped  crown  attains  a  diameter 
of  3-4  meters,  and  whose  central  cylindrical  stem  at  an  age  of  300-400  years 
may  have  a  diameter  of  more  than  thirty  centimeters.  The  height  of  the  whole 
plant  is,  on  the  average,  about  i  meter,  hut  may  occasionally  reach  nearly 
2  meters.  ...  If  the  little  stem,  which  is  in  great  request  as  firewood, 
should  remain  standing  long  enough,  there  comes,  sooner  or  later,  a  moment 
when  the  adherence  of  the  roots  to  the  soil  can  no  longer  resist  the  increasing 
pressure  upon  the  crown  b)'  the  wind  ;  the  little  tree  falls  over  and  is  obliquely 
held  up  by  the  half  of  its  crown  that  is  now  turned  downwards,  whilst  its 
jpper  half  quickly  dies  off  and  disappears  along  the  critical  line. 

The  line  above  which  all  twigs  perish  is  defined  bj'  the  average  height  of 
he  snow-covering  at  the  commencement  of  the  thaw.  ...  In  April,  1S89, 
I  was  able  to  satisfj-  m^-self  that  the  living  juniper  branches  reached  close  up  to 
he  surface  of  the  melting  snow,  or  that  at  the  most  thev  projected  a  few 
■entimeters  above  it.  I  have  convinced  mj'self  that  the  juniper  in  Russian 
-apland  can  withstand  the  winter  only  if  for  several  months  it  is  completely 
overed  with  snow'.  .  .  .  The  birch  also  assumes  the  form  of  tabular  or 
:losely  cropped  bushes,  which  are  quite  characteristic  of  the  tundra  landscape, 
n  accordance  with  the  wide  distribution  of  this  tree  beyond  the  limit  of  forests  V 

Finally,  as  an  extreme  case,  Kihlman  mentions  the  formation  of  mats,  '  that 
Merely  reach  the  height  of  the  surrounding  felt  of  lichens  or  undershrubs,  but 
■hich  occasionally  attain  quite    considerable   dimensions   in  the   horizontal  plane. 

.  .  The  shallow-rooted  spruce  assumes  this  form  most  successfully  (Fig.  92) ; 
long  the  tundra  belt  near  Orlova  I  saw  mat-like  spruces  from  one  to  five 
iieters  long,  the  thin  sterile  twigs  of  which  had  crept  about  in  the  felt  of  lichens 
nd  evidently  all  sprang  from  one  seedling  plant.  ...  In  all  these  mats  one 
nds  that  the  onr-ycar-old  shoots,  in  so  far  as  they  piojict  aboiw  tlie  level  of  the 
iirroiiiidiiig  tiiftg  of  moss  and  lichens,  are  dried  up  and  defoliated^.' 

As  will  be  shown  in  a  later  chapter'',  the  conditions  iii  regard  to  the 
novements  of  the  air  also  determine  the  vertical  limit  of  forest  vegetation. 

It  appears  to  be  advisable  to  group  together  s/inibs  and  dzvarf-trccs  as 
ntsIn<.<ood. 

The  existence  of  brushwood  also  is  determined  by  the  amount  of  water 
1  the  soil,  and  the  season  when  the  water  is  renewed  is  a  matter  of  in- 
ifference.  The  amount  of  water  necessary  for  the  well-being  of  brush- 
"ood  is  less  than  that  for  tree-growth  ;  when  it  increases,  tree-growth 
ppears.  Like  forest,  brushwood  thrives  better  in  damp  than  in  dry 
ir,  and   better  in  calm   than  in  agitated  air  ;    in   both  respects,  however, 

is  more  accommodating  than  is  tree-vegetation. 

A  good  tvoodlaiid  climate  is,  thai,  composed  of  the  folloiving  elements  : — 

'  Kihlman,  op.  cit.,  p.  71.  -  Id.  p.  73. 

'  Id.  p.  68.  *  In  Part  III.  Sect.  IV. 
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a  warm  vegetative  season,  a  continuously  moist  subsoil,  damp  and  calm 
air  especially  in  winter. 

Iiiniuiti-rid!  for  7voodlaii(i  is -.—  whcihcr  the  moisture  in  the  soil  is  sup- 
plied by  rain  or  by  telluric  water,  whether  the  rain  falls  frequently  or 
rarely,  or  whether  the  rain  falls  during  the  period  of  activity  or  of  rest. 
To  the  optimum  of  the  woodland  climate  corresponds  the  hygrophilous 
tree,  and  to  the  lower  grades  of  woodland  climate,  in  descending  order, 
correspond  the  tropophilous  tree,  the  xerophilous  tree,  and  brushwood. 

Hostile  to  woodland  in  the  higher  latitudes  is  a  climate  with  dry 
winters,  because,  during  the  winter,  trees  cannot  replace  the  water  lost 
n  transpiration. 

ill.    GRASSLAND   CLIMATE. 

The  demands  that  grassland  makes  on  climate  are  quite  difterent  from 
hose  of  woodland.  As  already  stated,  the  grassy  covering  is  the 
:ontrolling  feature  of  grassland.  Formations  of  perennial  herbs  partially 
)r  entirely  devoid  of  grasses  cannot  successfully  contend  against  woodland 
jrowth,  and  are  found  onl}-  in  deserts,  as  in  the  so-called  Artemesia-steppes, 
)ossibly  in  most  cases  mingled  with  brushwood. 

Herbaceous   grasses    are   in    the   main    inhabitants   of  temperate   lands. 

n  the  tropics,  we  find  luxuriant  grassland,  rich  in   grass,  chiefly  on  the 

ligh  plateaux  that  are  periodically  cool,  for  example   in   the    interior  of 

Brazil   and   in   Central  Africa,  and  a  scanty  growth  of  grass  only  where 

he  temperature  during   the  vegetative  season   constantly  exceeds  30°  C. 

.1  the  daytime.      It  cannot  be  decided  at  present  why  high  temperatures 

0  not  suit   most    herbaceous    grasses.      During   the   season   of   rest,   the 

ighest  temperatures  that  occur  naturally  do  not  injure  the  parched  carpet 

f  grass. 

When  compared   with   wood\-    plants    and    many   perennial    herbs,    the 

rasses    composing    the    covering   of  grassland   are  shallozv-i-ooted  plants, 

nd  therefore  suffer  in  prolonged  drought  during  the   vegetative   season. 

:  has  been  already  mentioned  what  disastrous  effects  the  dry  vegetative 

:ason    of  the  year    1893    had    on    grasses    in    contrast    to    woody    plants 

nd  deeply  rooted   perennial   herbs,   and    VVoeikof  has  also   cited   similar 

bservations.       A    climate    in    which    the    dry     and     hot     seasons     are 

nchronous,  like  that  of  the  countries  bordering  on    the   Mediterranean, 

consequently  unfavourable  to  the  growth  of   grass,  and   therefore  also 

)  grassland.     Thus  in  August,   i8(S6,  near  Lisbon  I  saw  the  grass   and 

est  herbaceous  perennials  quite  dried   up,  while  deeply   rooted   thistles 

ere  blossoming  gaily  and  trees  displayed  their  foliage  unimpaired. 

Moisture   iu    the   subsoil  lias   little   influenec  on   the  covering  of  grass ; 

dy  moisture  iu    the   superficial  soil    is   important    to   it.     As  the  latter 

soon  lost  owing  to  evaporation   and  filtration,  frequent,  even    if  weak. 
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atmospheric    precipitations    are    necessary.       During    the    resting   season 
grasses  can  endure  great  drought  without  injury. 

Grasses  do  not  rise  so  high  above  the  surface  of  the  ground  as  dc 
trees  and  consequently  occupy  damper  atmospheric  strata.  Very  drj 
air,  then,  does  them  as  little  injury  during  the  resting  period  as  doe 
the  lack  of  rain.  The  lowest  atmospheric  strata  are  also  the  calmest 
so  that  grasses  suffer  less  than  woody  plants  from  the  drying  action  0 
the  wind.  Winds  that  prevail  during  the  dry  seasons  or  during  thi 
winter,  and  that  are  so  injurious  to  trees,  are  devoid  of  significance  ii 
relation  to  grasses. 

A  good  grassland  climate  is  then  composed  of  t/ie  following  elements  :- 
frequent,  even  if  weak,  atmospheric  precipitations  during  the  vegetativ 
season,  so  that  the  superficial  soil  is  kept  in  a  moist  condition,  am 
further  a  moderate  degree  of  heat  during  the  same  period. 

Almost  immaterial  for  grassland  are  the  follozviiig : — Moisture  in  th 
subsoil  (except  when  the  superficial  soil  has  a  great  power  of  capillar 
conduction),  dryness  of  the  air  especialh'  during  resting  periods  (dr 
season,  winter),  and  winds. 

Hostile  to  grassland  in  the  higher  latitudes  is  drought  in  the  chi 
vegetative  season  of  grasses  (spring,  early  summer). 

A  woodland  climate  leads  to  victory  on  the  pari  of  the  woodland, 
grassland  climate  to  victory  on  the  part  of  the  grassland.  In  transition. 
climates  edaphic  infiioices  decide  the  victory.  Strong  deviations  from 
zvoodland  or  grassland  climate  produce  desert. 

That  the  interior  of  continents,  especially  outside  the  tropics,  affori. 
poorer  tree-vegetation  than  districts  near  the  coast,  is  due  in  the  fir 
place  to  the  great  dryness  of  the  air  that  prevails  there  during  certa 
seasons  and  especially  in  winter.  Middendorff  adduces  evidence  of  tl 
unfavourable  influence  of  a  continental   climate : — 

'At  the  same  latitude,  58°  N.,  in  which  at  Yeniseisk  I  plunged  into  the  fore; 
of  Siberia,  at   Sitka   conifers   that   are  so  closely  allied  to   the  Siberian   ones 
to  be  distinguished  from  them  specifically  only  by  specialists,  attain  a  height 
160  feet  with  7-10  feet  diameter.  .  .  .  From  Yeniseisk  going  northwards,  according 
eye-measurements  taken   in   Livland,  one  could   hardly  ascribe   to   the  forests 
age  of  more  than  a  half-centurj-,  certainlj'  not  a  century'.   .  .   .  Also  beyond  t 
limits  of  the  frozen  soil,  under  the  most  favourable  conditions,  in  Southern  Siber 
the  species  of  trees  growing  there  attain  no  considerable  dimensions,  never  the 
that   they  or  their  representatives  attain  in    Europe  ^.    .   .   .    At   least   99  %   of 
apparently  mature  trees  in  the  forest,  even  in  the,  favourable  localities  of  Southe 
Siberia,  were  not  more  than  i  foot  to  li  feet  in  diameter.     Three  or  four  centur 
appear,  even  in  Southern  Siberia,  to  be  the  extreme  age-limit  to  which  the  bet' 
trees  in  the  forest  attain  on  the  average.     The  average  life  of  the  trees  of  a  Siberia 

'  Middendorft"  op.  cit.  p.  631.  -  Id.  p.  632.  I 


Chap.  I] 


THE   FORMATIONS 


'/o 


timber-forest  I  must  estimate  mucli  lower'.  ...  If  we  glance  over  the  results 
obtained  in  the  above  paragraphs,  we  cannot  help  expressing  the  opinion  that 
-7/1  extreme  coiiliiienlal  climate  is  iiii/nvoiirable  to  Iree-growtli,  iv/iich  can  only  attain 
Us  inaximiiin  development  in  a  iiiaiitimc  climate-.'' 

The  woodland-climate  in  its  various  gradations  and  the  grassland- 
;limate  remain  qualitatively  the  same  in  all  the  zones,  but  differ 
ijuantitatively  from  one  another,  so  that  their  elements  can  be  expressed 
uimericaliy  only  for  each  xonc  treated  separately.  The  meteorological 
.ables  on  which  the  opinions  here  developed  are  based  are  therefore 
elegated  to  a  later  part  of  this  book ''. 

iv.   METEOROLOGICAL    TABLES. 

The  number  of  districts  for  which  really  useful  and  complete  mctcoro- 
ogical  observations,  extending  over  prolonged  periods,  are  available,  is 
lot  yet  considerable.  Yet  in  reference  to  several  regions,  that  are  well 
haractcrized  both  as  regards  their  climate  and  vegetation,  there  are 
dread}-  data  which  are  sufficient  in  both  these  respects  as  a  foundation  for 
;eneral  conclusions.  Meteorologists  do  not  always  take  into  consideration 
11  the  factors  that  concern  the  climatic  knowledge  of  vegetation  ;  though 
his  is  partly  the  fault  of  geographical  botanists,  who  formerly  made 
ery  modest  demands  on  meteorology  owing  to  their  misapprehension 
s  to  the  significance  of  many  climatic  elements. 

A  Table  really  fit  for  use  from  a  phytogeographical  standpoint  should,  in  my 
pinion,  contain  the  following  headings:  — 


Longitude    . 
.itionsl  .  .  .  . 


Latitude 


LOCALITY  .  . 
.    . ;     Altitude  . 


Me.in   Barometric   pressure   (only  at  higli 


Temperature. 


Rainfall. 


Relative 
humidity. 


Mean    Mean  i Sunshine.  I  Strength    Evapora- 


Hours.     '   of  wind. 


tion. 


(onths.  I  Mean    Mean    Amount.   Days. 

Min.      Max.  Min.      Max. 

in.  .    . 
eb.      . 
ar. 
S;c. 

can  annual  extremes 

The  variations  in  the  atmospheric  pressure  carefully  noted  bj'  meteorologists 
e  devoid  of  significance  to  vegetation.  Of  the  data  regarding  temperature, 
ose  of  the  daily  minima  and  maxima  are  the  most  important,  in  fact  quite 
fficient.  Records  of  the  hours  of  observation  are  hardly  necessary,  since  the 
inima  occur  at  night  and  the  maxima  during  daytime.  The  former  give  us  the 
mperatures  at  which  the  processes  of  growth  chiefly  occur,  the  maxima  are 
pecially    important    as    factors    influencing    transpiration.      The    mean    diurnal 

'  MiddendorfT,  op.  cit.,  p.  632.  ■  Id.  p.  640.  •'  See  Part,  III. 
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temperature  is  worthless  in  geographical  botany,  unless  at  least  the  amplitude  of 
the  daily  variation  is  also  given.  Mean  annual  extremes  are  important,  not 
indeed  for  the  study  of  formations,  but  sometimes  for  the  range  of  species ;  the 
mean  annual  temperature  is  quite  unimportant. 

Data  regarding  the  absolute  rainfall  are  very  useful,  but  not  sufficient  when 
taken  alone.  Much  depends  on  the  fact  whether  the  rain  falls  in  relatively  rare 
but  heavy  showers,  or  in  frequent  and  light  ones.  Of  this  we  are  informed 
under  the  headings  'Rainfall  in  Days'  i' Rainfall  in  Hours'  would  also  be  useful,  but 
this  is  hardly  ever  given)  and  '  Hours  of  Sunshine.'  The  last  are  also  among  the 
factors  influencing  transpiration. 

Among  the  most  important  headings  is  '  Relative  Humidity.'  High  atmospheric 
humidity  promotes  growth  and  depresses  transpiration  ;  low  humiditj'  acts  in  the 
opposite  direction. 

To  winds  great  importance  is  attached  owing  to  their  desiccating  action.  The 
heading  '  Evaporation '  facilitates  direct  conclusions  as  to  the  strength  of  trans- 
piration. 

3.  THE  EDAPHIC  FORMATIONS, 
i.     EDAPHIC  IXFLUENCES  IN  GENERAL. 

The  influence  of  differences  in  the  ph\sical  and  chemical  nature  of 
the  soil  is  generally  confined,  as  has  been  previously  stated,  to  the 
finer  differentiations  within  the  type  of  vegetation  and  of  flora  which 
the  climate  determines.  This  edaphic  differentiation  is  often  extremely 
rich,  as  many  species  correspond  so  exactly  to  a  constellation  of  external 
factors,  that  even  slight  changes  in  the  latter  remove  the  plants  from 
their  oecological  optimum  and  consequently  cause  their  downfall  in  the 
struggle  with  their  competitors. 

Suppose  for  instance  that  we  consider  a  meadow  having  a  somewhat 
uneven  surface.  Many  of  the  predominant  species  especially  among  the 
grasses  are  present  everywhere,  so  that  such  a  meadow  may  be  described 
as  a  single  formation.  Other  species,  on  the  contrary,  appear  confined 
to  quite  definite  kinds  of  soil,  so  that  the  meadow  presents  a  chequerec 
appearance.  This  is  especially  the  case  where  two  or  more  allied  specie- 
have  to  divide  the  soil  between  them.  If,  for  instance,  Primula  oflicinali; 
and  P.  elatior  are  present,  we  can  from  a  distance  distinguish  by  mean.- 
of  the  dissimilar  tints  of  the  flowers  the  drier  spots  occupied  by  th( 
former,  from  the  damper  spots  where  the  latter  grows.  We  sliall  neve: 
find  them  growing  side  by  side.  In  a  similar  way.  Ranunculus  bulbosu? 
R.  acris,  and  R.  repens  frequently  denote  -three  grades  of  increasim 
humidity.  On  the  Simplon,  two  species  of  dwarf  Senecio,  S.  incainn 
and  S.  uniflorus,  frequent  the  dry  alpine  meadows,  often  close  together 
but  never  intermixed.  I  found  the  large-headed  Senecio  uniflorus  oiil} 
in  places  where  the  meadow-soil  extended  in  a  thin  coating  over  stone. 
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ind  locks,  whilst  S.  incanus  exclusively  occupied  spots  wiiere  the  soil 
was  deeper.  The  hybrid  between  the  two  species  was  confined  to  the 
place  between  these  two  habitats. 

Such  a  grouping  is  determined  much  more  rarely  by  chemical  than 
Dy  physical  diilcrences  in  the  substratum,  since  the  latter  usually  change 
nuch  more  rapidh^  and  are  more  varied  than  the  former. 

Much  more  marked  than  in  the  cases  of  the  above  description  arc  the 
tilccts  of  the  soil  in  edaphic  formations,  where  the  type  of  vegetation 
s  determined,  not  by  the  climate,  but  by  the  soil,  so  that  it  remains 
ssentially  the  same  in  both  woodland  and  grassland  districts.  Climate 
xercises  merely  a  differentiating  action  in  edaphic  formations,  just  as 
loes  the  soil  in  climatic  formations. 

The  presence  of  plenty  of  water  in  the  soil,  due  to  the  infiltration  of 
ontinuous  supplies  of  water,  determines  the  existence  of  certain  edaphic 
ormations,  but  it  is  the  mechanical  texture  of  the  substratum  that 
letermines  the  existence  of  others.  Chemical  differences  in  the  soil 
lave  at  most  merely  a  regulating  or  differentiating  action.  Only  large 
uantities  of  easily  soluble  salts,  especially  common  salt,  or  of  free 
umous  acids  can  efface  the  climatic  character  of  vegetation  and  evoke, 
or  instance,  xerophytic  formations  in  a  hygrophytic  climate. 

ii.   EDAPHIC  FORMATIONS  DUE   TO    TELLURIC    WATER. 

In  the  neighbourhood  of  water  the  soil  remains  constantly  moist,  down 
5  a  considerable  depth  ;  this  is  the  case  even  in  a  grassland  climate, 
"here  the  rain  merely  wets  the  superficial  soil.  Accordingly,  we  find 
le  banks  of  rivers  and  lakes  stocked  with  woods  as  far  as  infiltration 
xtends.  These  are  often  mere  bush- woods,  but  not  unfrequently  developed 
3  luxuriant  forests  {fringing  forests)  not  inferior  to  those  of  the  best 
jrest  climate  (Fig.  93).  Such  edaphic  woodlands  are  evidently  always 
istinguishable  from  climatic  ones  by  their  dependence  on  collections 
f  water,  whether  this  be  superficially  exposed  to  the  air,  or,  as  in  oases, 
ibterrancan. 

Stagnant  zvater  determines  the  origin  of  those  formations  that  are 
rmed  sivainps,  which  are  again  subdivided  into  several  groups,  of 
hich  the  peat  moors,  and  the  mangroves  of  tropical  coasts,  are  the 
:st  characterized.  Swamp-formations  are  but  slightly  affected  by 
mospheric  precipitations,  and  therefore  exhibit  essentially  the  same 
:getation  both  in  a  woodland  climate  and  in  a  grassland  climate  ;  on 
le  other  hand,  their  two  most  striking  forms,  moor  and  mangrove, 
'pend  on  the  supply  of  heat,  the  latter  for  reasons  not  yet  known, 
e  former  because  the  chemical  processes  on  which  the  formation  of 
:at  depends  come  into  play  at  a  low  temperature  only. 
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iii.    OPEN  EDAPHIC  FORMATIONS. 

In  many  places  the  physical  texture  of  the  soil  is  such  that  it  doe: 
not  permit  the  existence  of  closed  formations.  A  feature  that  in  desert 
is  due  to  climate,  in  this  case  is  due  to  the  nature  of  the  soil.  Th. 
soil  is  occupied  by  those  plants  that  are  able  to  establish  themselve 
on  it  in  spite  of  the  unfavourable  conditions.  There  are  but  few- 
such  plants,  however,  and  the  formation  remains  open  throughout,  si 
that  there  is  still  space  left  for  many  plants,  and  accordingl}'  there  is  n^ 
struggle  between  competitors.  Whatever  the  climate  may  be,  sucl 
places  possess  the  character  neither  of  woodland  nor  of  grassland,  bu 
produce  a  confused  mixture  of  woody  and  herbaceous  plants  that  ar 
quite  independent  of  one  another. 

To  the  open  formations  of  the  kind  just  described  belong,  in  the  firs 
place,  those  of  rock-plants.  Naked  rock,  after  cooling  down  from 
molten  condition,  or  after  separation  from  a  larger  mass  of  rod 
remains  bare  of  vegetation  for  a  longer  or  shorter  period.  Sooner  c 
later,  sooner  in  a  damp  climate  than  in  a  dry  one,  plants  appear  on  if 
surface,  at  first  small  Algae  and  lichens  later  on,  and  after  these  mo: 
accommodating  plants  have  produced  a  little  humus,  mosses  and  highf 
plants.  The  vegetation  on  the  surface  of  rocks  or  stones  may  be  terme 
that  of  litlwpJiytes.  Crevices  in  rocks,  in  which  more  finely  graine 
components  and  more  water  accumulate  than  on  the  surface,  produc 
a  somewhat  more  copious  vegetation,  that  of  the  cJiasviopliylcs. 
formation  of  plants  on  rock  consists  either  of  lithophj'tes  only,  especial! 
if  the  rock  is  free  from  cracks,  or  of  lithophytes  and  chasmophytes. 

Lithoph\'tes  are  low,  flat,  spreading  plants,  the  superficial  developmei 
of  which  is  sometimes  determined  chiefly  by  the  roots,  sometimes  by  tl 
shoots,  which  by  the  help  of  small  roots — or  in  thallophytes  b}'  rhizoic 
• — become  attached  to  the  hard  substratum.  Mosses  and  phanerogan 
frequently  assume  the  form  of  cushions.  Chasmophytes,  as  opposed 
lithophytes,  are  long  straggling  plants,  since  their  substratum  often  11 
at  the  bottom  of  a  crevice  at  a  great  distance  from  its  mouth  ai 
therefore  from  the  light.  Hence,  many  chasmophytes  possess  extreme 
long  rhizomes  and  roots,  yet  such  extreme  forms  are  less  frequent 
rocky  crevices  than  among  gravels,  which  owe  their  origin  to  the  di 
integration  of  rocks  under  the  influence  of  atmospheric  agencies,  and  whii 
usually  form  large  heaps  at  the  foot  of  the  masses  of  rock  from  whi' 
they  have  fallen,  or  create  the  moraines  along  the  course  of  glacic 
On  these  gravels  lithophytes  are  much  less  frequent  than  chasmophyti 
and  the  chasmophytes  exhibit  the  frequently  extraordinary  growth 
length  to  which  reference  has  just  been  made. 

Some    of    the    fragments    of    rock    come    down    to    the    water-coursi 
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where  mutual  altrition  reduces  them,  partly  to  pebbles,  partly  to  sand, 
and  where  the  weathered  felspars  arc  ground  into  finely  grained  earthy 
clay.  A  change  in  the  water-level  leads  to  deposits  in  river-beds  and 
along  their  banks  of  masses  of  pebble,  sand,  and  clay,  which  are  some- 
times more,  sometimes  less,  frequently,  or  only  exceptionally,  covered 
again  by  the  water.  Such  deposits  bear  an  open  vegetation,  which  is 
in  some  cases  more  transitory,  in  others  more  lasting,  and  the  species 
growing  on  them  are  for  the  most  part  characteristic  of  such  habitats 
^Figs.  94-y6). 


Fig.  94.  Stony  tracts  in  the  bed  of  Craigieburn  river,  near  its  opening  into  Lake  Pearson,  in  the 
irest  region  of  the  Southern  Island  of  New  Zealand,  600  meters  above  the  sea.  Ozothamus  depressus, 
look,  f.,  and  Epilobium  melanocaulon,  Hook.  f.     From  a  jjhotograph  by  Cockayne. 

The  fragments  of  the  rock  finally  reach  the  sea  along  the  water-courses, 
f  the  sea-shores  are  flat,  sand,  clay,  and  small  pebbles  are  thrown  up 
y  the  action  of  stormy  waves  on  the  land  to  distances  more  or  less 
bove  the  usual  high  tide-mark,  and  their  deposits,  if  neither  too  much 
irned  over  by  the  wind  nor  carried  back  into  the  sea,  within  a  few 
lonths  bear  some  vegetation.  If  this  can  maintain  itself,  these  new 
eposits  become  gradually  fixed  and  definitely  united  to  the  land. 

Of  the  sea-shore  deposits,  sand  is  the  most  extensively  developed,  as 
le  wind  carries  it  further  inland  than   clay  and  pebbles,  and  frequently 
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heaps  it  up  into  dunes  (Fig.  97).  The  formations  of  the  sandy  sea- 
shore and  of  dunes  serve  as  excellent  examples  of  the  vegetation  of 
psammophylcs,  which  are  specially  well  developed  in  such  spots.  These 
sandy  strips  of  coast  are  usually  subdivided  into  three  zones — the  foreshore, 
between  the  ordinary  high  tide-mark  and  low  tide-mark,  the  flat  iiiid-s/wre. 
above  the  ordinary  high  tide-mark,  and  the  dimes,  which  are  heaped  up 
like  hills  between  the  shore  and  the  mainland. 

Dunes    are    not    always    present.      The    sandy     coast    frequently     rises    quite 
gradually,   without   any  sharp   separating  line,  into  woodland  or  grassland,  or  the 


Fig.  95.  Grand  Caiion  of  Colorado,  Arizona.    Stony  river-bed.     In  the  background  are  the  desen 
that  correspond  to  the  climate.     From  a  photograph. 


mainland  rises  abruptly  beyond  the  flat  shore,  without  assuming  the  character  ■ 
dunes.  Such  is  the  case  either  when  the  stretch  of  coast  is  relatively  calm  cj 
where  the  sand  is  either  coarse-grained  or  largelj'  mixed  with  pebbles  and  then! 
fore  heavier  for  transport  by  the  wind. 

The  following  description  of  the  vegetation  on  the  sandy  sea-shore  c 
Java  can  be  taken  generally  as  representative  of  the  conditions  of  vegetf 
tion  in  such  habitats : — 

The  southern  coast  of  Java  is  in  parts  covered  with  tracts  of  dune 
quite   similar  to    those   which,   for    instance,  are   so    extensive    along    tli 
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North  Sea.  Behind  tlic  sandy  shore,  here  rich  in  lime,  there  rises  first 
a  range  of  dunes  poor  in  plants,  behind  which  there  arc  dunes  that  arc 
better  clad  and  which  serve  as  a  transition  to  the  mainland.  Only  the 
flat  shore  and  the  dunes  lying  nearest  the  sea  exhibit  in  their  vegetation 
the  characteristic  influence  of  the  habitat.  Difficulty  in  fixing  themselves 
to  the  loose  substratum,  difficulty  in  obtaining  a  supply  of  water,  a 
struggle  against  the  sea-wind,  the  use  of  the  wintl  for  the  transport  of 
fruits  on  the  smooth  sandy  surface,  all  these  may  at  once  be  inferred 
from  the  remarkable  forms  that  occur. 


Fig.  c|f).  Nebraska.  Sandy  deposits  with  open  mixed  formation  of  plants  in  a  river-bed.  In  the 
.ickground,  grassland  formation  (]>rairie"!  corresponding  to  the  climate,  and  bare  rocks.  Photograph 
rom  the  Geological  Department  of  Nebraska  University. 

Adaptations  in  relation  to  such  conditions  arc  combined  in  the 
".learest  manner  in  Spinifex  squarrosus,  a  rigid  bluish  grass,  with  large 
^lobular  inflorescences  and  infructescences ',  which  latter  appear  to  be 
:omposed  of  long  radially  arranged  needles,  the  very  long  bracts, 
n-equently  Spinifex  alone  covers  the  outermost  dunes  bounding  the  Indian 
Dcean  with  numerous  apparently  independent  tufts  ;  a  closer  inspection 
hows  that,  in  many  cases,  even  widely  separated  tufts  are  united  by 
■tolons  more   or  less  imbedded  in  sand,  varying    in    thickness  from  that 

See  Fig.  369  for  an  illustration  of  the  quite  similar  infructcscence  of  Spinifex 
irsutus. 
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of  a  quill  to  that  of  a  finger,  and  producing  roots  and  tufts  of  leaves 
at  their  nodes.  The  tufts,  like  our  sand-grasses,  owe  their  pallor  to 
a  coating  of  wax. 

The  advantages  due  to  this  mode  of  growth  in  such  habitats  are 
obvious.  The  creeping  shoots,  firmly  anchored  by  numerous  deeply 
penetrating  roots,  offer  a  much  better  resistance  to  the  wind,  and  incur 
much  less  danger  of  being  torn  out  of  the  loose  shifting  substratum 
than  do  erect  plants.  It  is  therefore  no  wonder  that  many  other 
littoral  plants  adopt  a  mode  of  life  similar  to  that  of  Spinifex,  such  as 


Fig.  97.  S.uul-cluncs  near  New  liiighton  on  the  east  coast  of  the  South  Island  of  New  Zealand, 
with  Scirpiis  frondosus.  Banks  et  Soland.     From  a  photograph  by  Cockayne. 

Remirca  maritima,  which  is  almost  ubiquitous  in  the  tropics,  and  thi 
still  commoner  and  more  widely  distributed  Ipomoea  Pes-caprae  (I.  biloba' 
the  extremely  long  and  distantly  rooted  creeping  shoots  of  which  cove 
and  fix  the  sand  with  a  narrow-meshed  net,  and  also  the  species  c 
Canavalia  that  physiognomicall}'  resemble  Ipomoea  Pes-caprae.  In  th 
north  temperate  zone,  the  sea  marram  (Ammophila  arundinacea)  fixes  th 
loose  sand  of  the  dunes  by  means  of  its  extremely  long  and  richl}-  subdivide 
rhizomes,  and  so  do  some  other  grasses,  such  as  Elymus  arenarius  an 
Agropyron  junceum.  All  these  plants  have  the  important  faculty  ( 
again  growing  out  of  the  sand,  after  having  been  covered  b}'  it. 
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In  many  other  respects  also,  Spinifcx  squarrosus  exhibits  a  close 
connexion  between  structure  and  mode  of  life,  for  example  in  its  leaves, 
the  waxy  coating  and  structure  of  which  express  the  difficulty  in 
obtaining  water  on  the  high  permeable  and  salty  dunes.  Its  spherical 
infructescence,  however,  formed  of  stiff  bristles  and  nearly  as  big  as 
one's  head,  claims  special  attention.  When  it  is  ripe,  it  breaks  off  from 
its  dry  .stalk  and  becomes  the  sport  of  the  wind.  Rolling  and  dancing, 
it  is  hurried  along  the  smooth  surface  of  the  sand  and  allows  its  fruits 
to  drop.     The  bristles  are  gradually  worn   away,  and   the  infructescence, 


Fig.  9S.  Shore  of  Garden  Island,  Lake  of  the  Woods,  Minnesota.  Salix  fluviatilis  predominant. 
Besides  this,  Capnoides  niicranthum,  Chenopodium  album,  Polygonum  ramosissimum,  and  other 
plants.     From  a  photograph  by  MacMillan. 

now  become  cumbersome,  is  buried  in  the  sand  with  the  rest  of  the 
fruits. 

Spinifex  squarrosus,  as  regards  its  mode  of  growth,  belongs  to  a  very 
widespread  t\-pe.  A  peculiar  type,  on  the  other  hand,  is  formed  by 
:he  species  of  Pandanus  on  the  sandy  sea-shores,  which  become  firmly 
inchored  in  the  shifting  sand  by  prop-roots  that  grow  down  from  the 
tranches  (Fig.   122). 

In  many  plants  living  on  the  sandy  sea-shore,  at  all  events  particularly 
n  those  that  occupy  sheltered    spots,    such    obvious    adaptations    do    not 
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occur.      Yet    compared    with    other    plants    the}-   have    ahvays   an    extra- 
ordinarily deep  and  extensive  root-system. 

Sandy  shore-formations,  similar  to  those  bj-  the  sea,  are  also  found 
by  many  saline  or  fresh-water  inland  lakes ;  but  there  the  dunes  are 
usually  less  pronounced  in  character,  owing  to  the  reduced  strength  of 
the  wind  and  the  smaller  amount  of  sand.  The  formations  in  question 
have  been  described  in  much  detail  and  in  a  very  instructive  manner 
b}'   Conway    IMacMillan,    as    they   occur   about    the  Lake  of  the  Woods, 


Fig.  99.  Dunes  on  the  lie  aux  Sables,  Lake  of  the  Woods,  Minnesota.  Populus  tremuloides 
Juniperus  communis,  and  Prunus  pumila  in  the  foreground  and  to  the  left;  Elymus  canadensis  am 
Artemisia  in  the  background.  On  the  top  of  the  dune,  stunted  little  trees  of  Celtis  occidentalis  an 
Cerasus  pennsylvanica.     From  a  photograph  by  MacMillan. 


a  moderate-sized  lake  (about  1,500  square  miles  in  area)  situate  between] 
Minnesota  and  Canada.  The  banks  are  partly  rocky,  partly  loamy 
partly  sandy,  and  partly  covered  with  humus.  Fig.  98  shows  the  sand) 
flat  shore,  with  a  vegetation  consisting  chiefly  of  willows.  Fig.  99  show; 
low  dunes  grown  over  with  various  grasses  and  shrubs. 

Obviously  the  sandy  shore  of  fresh-water  lakes  differs  from  that  of  tht 
seaside,  owing  to  its  poverty  in  salt,  and  confers  a  xerophilous  characte: 
only  on  the  vegetation  of  the  higher  dunes. 
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iv.    TKANSJTIO.Y  FROM  EDAPHIC  INTO   CLIMATIC  FORMATIONS. 

Between  the  bare  liard  rock  and  the  finely  grained  soil  that  finally 
esults  from  it,  for  the  possession  of  which  there  is  a  struggle  between 
voodland  and  grassland,  there  is,  according  to  what  has  been  said 
ibove,  a  series  of  open  transitional  formations,  which  possess  the  character 
either  of  woodland  nor  of  grassland,  and  which  assume  nearly  the  same 
ppearance  even  in  dissimilar  climates,  and  owe  their  individuality  chiefly 
o  the  mechanical  texture  of  the  soil.  The  transformation  of  these 
ransitional  formations  into  the  definite  ones  of  woodland  and  grassland 
;  continually  proceeding  under  our  eyes,  but  so  slowly  that  we  can 
bserve  only  a  part  of  the  process  directly,  and  can  form  an  estimate 
f  their  sequence  only  by  comparing  their  condition  at  difterent  ages, 
n  spite  of  the  highly  interesting  nature  of  the  development  of  formations 
cry  slight  attention  has  hitherto  been  paid  to  it. 

An  excellent  piece  of  work  in  this  respect  is  Treub's  description  of 
lie  vegetation  at  Krakatoa  three  years  after  the  well-known  eruption, 
hich  covered  the  whole  island  with  a  hot  deposit  of  pumice  and 
shes. 

As  has  been  already  stated  ',  the  vegetation  of  Krakatoa  at  the  time  of 
reub's  visit  consisted  chiefly  of  ferns  (eleven  species),  whilst  phanerogams 
ppeared  only  isolated  and  almost  exclusively  on  the  sea-shore.  Ferns 
uis  form  the  earliest  vegetation  on  volcanic  islands — or  rather  only 
le  earliest  Diacroscopic  vegetation.  They  are  preceded  by  a  microscopic 
:getation  of  Cyanophyccac,  zvhich  cover  in  a  thin  film  ilie  wJiolc  surface 
'^  ash  and  puuiicc,  and  prepare  the  soil  for  the  development  of  ferns. 

By  the  advice  of  mj'  honoured  friend  Treub,  I  visited  the  volcano  Gunong 
untur  in  West  Java,  which,  by  the  eruption  of  1S43,  had  been  covered 
Dwn  to  its  base  with  large  hot  heaps  of  detritus-.  Naturally  I  found 
le  vegetation  there  in  a  far  more  developed  stage  than  Treub  did  in 
.rakatoa,  yet  it  was  still  quite  open  and  on  the  whole  very  poor.  There 
ere  absolutely  no  trees,  but  shrubby  and  herbaceous  plants  of  very 
irious   species   were   present  (Fig.    100).     As   in    Krakatoa,  ferns   were 

irly  numerous  both  in  species  and  individuals,  without  however  forming 
le  main  mass  of  the  vegetation.  The  most  essential  part  was  played 
y'  plants  that    grew   as   epiphytes   in    the    neighbouring  woods,   namely 

any  orchids,  as  well  as  several  ferns  and  the  shrubby  Rhododendron 
vanicum,  which  found  suitable  conditions  here,  such  as  a  hard  substratum, 
imp  air,  and  rich  illumination,  and  which  could  thus,  undisturbed  b}' 
)mpetitors,  take  possession  of  the   soil.     It  was  also  interesting  to  find 

merous   specimens  of  a   Nepenthes,   the    pitchers    of   which    held    such 

'  Page  So.  -  See  Junghuhn,  op.  cit.,  \'ol.  II.  p.  392 
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a  quantity  of  water  and  insects  that  the  occurrence  of  this  luxurian 
and  not  remarkably  xerophilous  plant  on  such  a  soil  did  not  appea 
wonderful. 

As  the  result  of  their  investigations  on  the  sandy  and  loamy  plain  of  th 
Camargue,  which  is  35,000  acres  in  extent  and  lies  in  the  Rhone  delt; 
Flahault  and  Combres  have  described  the  gradual  conversion  of  the  bar 
soil  within  reach  of  storm-tides  first  into  open,  and  later  into  close 
formations.     They   show  that   if  a   f^at   shoreland   tract   is  withdrawn  fc 


vi 

•^ 


Fig.  100.  Earliest  vegetation  on  a  new  volcanic  soil  (pumice,  ashes,  &c.)  in  West  Java. 

From  a  pliotograph.  1 

a  long  time  from  the  influence  of  the  waves,  the  earliest  vegetation 
produces  is  composed  of  tufts  of  Salicornia  macrostachya  growing  widr 
apart  (Fig.  loi).  A  shoreland  thus  colonized  is  frequently  flooded  ' 
winter  storms  and  again  deprived  of  all  vegetation  ;  occasionally,  howev. 
the  first  .settlers  become  able  to  maintain  themselves  and  collect  amoi; 
and  on  their  bushy  branches  a  quantity  of  sand,  small  indeed,  tt 
sufficient  to  render  possible  the  appearance  of  some  new  plants,  such  ' 
Salicornia   sarmentosa,  Atriplex   portulacoides,  and    Dactylis   sarmentc 
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5and,  and  gradually  hutiuis,  accumulates  round  these  groups  of  plants, 
;o  that  in  time  they  form  the  centre  of  little  sand}'  liillocks,  termed 
touradons,'  only  about  a  decimeter  high. 

The  touradons,  thank-s  to  the  mattiiii;"  of  the  roots  and  stolons,  already 
)Ossess  considerable    powers   of   resistance    and    can   witlistand    even    the 

inter  floods.  Every  year  they  increase  in  breadth,  so  that  after  a  few 
■ears  they  attain  a  diameter  of  one  to  two  meters  and  already  support 
ibout  twenty  species  of  halophytes,  among  others  Inula  crithmoides,  species 
f  Juncus,   Statice,   Plantago,   and    several    grasses.      Slowly,  continLially 


IG.  loi.  From  the  C.iniargue.     Horizontal  sandy  flats  liable  to  be  flooded  by  storm-tides,  with  the 
earliest  vegetation  of  Salicornia  macrostachya.     After  Flahault  and  Combres. 

ruggling  against  the  floods,  the  touradons  gradually  raise  the  soil, 
hilst  the  rain  continually  sweetens  them  and  renders  them  suitable  for 
le  growth  of  non-halophytes. 

The  dunes  in  the  Camargue  are  also  very  instructive.  In  some  parts 
'  the  coast  they  form  parallel  ridges  separated,  valley-like,  by  the 
nginally  flooded  tract  with  its  touradons.  Their  vegetation  constantly 
icreases  inland.     Evidently  there   was  once  a  general  upheaval  of  the 

ound ;  and  dunes  as  well  as  touradons  have  remained  as  geological 
irvivals.  The  succession  of  the  dunes  exhibits  all  intermediate  stages, 
om  the   commencement   of  vegetation   on   the  outermost   dunes  to   the 
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closed   formations  of  the   innermost,,  where   the   psammophytic   cliaracte: 
is  only  weakly  exhibited. 

The  vegetation  of  the  outermost  dunes  is  scanty,  but  highly  character- 
istic. There  are  found  various  grasses,  sedges  and  rushes,  besides  a  fev 
other  plants  with  long  creeping  rhizomes,  taking  root  at  the  nodes,  fo: 
example  Juncus  maritimus,  Cynodon  Dactylon,  Scirpus  Holoschoenus 
species  of  Agropyron,  Ephedra  distachya,  Eryngium  maritimum  ;  als( 
species  of  plants  with  extremely  deep  rhizomes  and  roots,  for  exampl' 
Ammophila  arundinacca,  Echinophora  spinosa.  Clematis  Flammula.  Mos 
of  the  species  have  a  halophilous  as  well  as  a  psammophilous  character 


Fig.  102.  From  the  Camargue.  Forest  of  I'lnus  Pinea  with  Junipenis  phoenicea  and  oth 
plants  as  underwood.  The  depression  in  the  centre  is  chiefly  clad  by  psammopliilous  grasses.  Aft 
Flahault  and  Combres. 

On  the  oldest  dunes,  but  also  on  flatter  elevations  ('  radeaux ')  coev. 
in  origin,  the  edaphic  influences  are  much  reduced.  Trees  and  tall  shrul 
appear,  and  most  of  the  species  there  are  the  same  as  occur  far  fro 
the  sea  and  on  various  kinds  of  soil.  Yet  the  absence  of  several  speci'i 
common  elsewhere  shows  that  the  soil  is  relatively  new.  Fig.  ic; 
presents  a  picture  from  the  older  dunes.  The  higher  places  are  occupit 
by  a  pinewood  the  rich  underwood  of  which  is  chiefly  formed  by  Juniper 
phoenicea,  but  by  other  characteristic  Mediterranean  shrubs  as  well,  sue 
as  Rosmarinus  officinalis,  Phillyrea  angustifolia,  Cistus  salvifolius.  Tl 
lovv-er  sites  bear  chiefly  psammophilous  grasses. 
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4.    LIFE   OF   THE    PLANT-COMMUNE    IN    THE 
FORMATIONS. 

The  various  plants  composing  a  formation  indubitably  stand  in  the 
nost  manifold  relations  to  one  another  as  well  as  to  the  animals — worms, 
nsects,  birds — that  inhabit  the  formation.  The  question  regarding  the 
lature  and  mode  of  action  of  these  relations  promises  to  yield  most 
mportant  conclusions  bearing  on  the  oecological  explanation  of  the 
formations,  but  has  hitherto  been  but  rarely  approached,  and  then  only 
n  individual  cases  \  The  floristic  branch  of  geographical  botany,  on  the 
)ther  hand,  has  indirectly  yielded  valuable  material  by  the  compilation 
)f  lists  of  species  that  are  constantly  found  growing  together.  Thus, 
iccording  to  Flahault,  there  are  always  found  accompanying  Quercus 
ex  in  France,  thirteen  other  species  of  plants,  amongst  them  Cistus 
nonspeliensis,  Lavandula  latifolia,  Thymus  vulgaris  ;  whilst  Fagus  sylvatica 
s  always  accompanied  by  the  following  amongst  other  species :  Vaccinium 
lyrtillus,  Rubus  Idaeus,  Oxalis  Acetosella,  Mercurialis  perennis.  Hock 
las  drawn  up  such  lists  for  several  German  formations.  Naturally  they  do 
ot  hold  good  for  all  regions  nor  for  all  kinds  of  soil,  as  to  each  agglomera- 
ion  of  external  factors  there  must  correspond  a  definite  grouping. 
This  fact  obviously  does  not  take  from  the  value  of  such  compilations, 
t  least  if  they  are  accompanied  by  accurate  data  regarding  climate 
nd  soil. 

To  the  same  category  of  questions  belongs  an  inquiry  into  the  cause  of 
lie  social  growth  of  some  species  and  the  invariably  isolated  appearance 
f  others.  It  appears,  however,  superfluous  to  inquire  more  closely  into 
he  hypotheses  that  have  been  put  forward  in  regard  to  these  matters, 
jr  they  have  as  yet  no  solid  foundations,  except  in  the  case  of  a  few 
ropical  formations  which  will  be  discussed  further  on^. 


'  Schimper,  op.  cit. 

'  See  upon  this  question  dc  Candolle,  op.  cit.;   Warming,  op.  cit.  p.  io6  ;    especially 

randis,  op.  cit. 
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INTRODUCTION. 

Dispersed  among  the  plants  that  occupy  the  ground  and  are  essential!} 
responsible  for  the  building  up  of  the  formations,  there  are  ahnost  ahvay 
found  other  plants  of  quite  different  modes  of  life,  which  appear  indis 
criminately  as  accessory  components  of  the  most  diverse  formations  vvithou 
ever  grouping  themselves  into  one  of  their  own.  In  fact  they  are  unable  t 
do  so,  for  they  depend  on  other  plants  for  their  existence.  Each  of  thes 
groups  of  plants  has,  in  accordance  with  its  mode  of  life,  characteristic  trait 
which  may  undergo  many  modifications  with  any  change  in  the  environmen' 
but  which  always  remain  unchanged  in  their  leading  features.  Such  oecc 
logical  groups  are  termed  guilds^.  They  are  four  in  iwxmhcv—lianc. 
epiphytes,  sapropJiytcs,  parasites. 

The  transition  between  the  plants  that  produce  formations  and  the  plant) 

that  form  guilds  is  supplied  by  the  lithophytes  described  in  the  precedin 

chapter,  which  range  themselves  into  formations  of  their  own,  but  also  occi 

as  subsidiary  components  on  scattered   rocks  and  stones  in  the  midst  ( 

other  formations.     Lithophytes  in  particular  show  intimate  relations  wit 

epiphytes,  and  many  plants  thrive  as  well  on  the  surface  of  rocks  as  on  th 

bark  of  trees. 

I.  LIANES-. 

I 

Whilst  fonnerly  only  climbing  woody  plants    were   termed    lianes.  I 

Schenck  includes  under  this  term  all  plants  that  take  root  in  the  groun 

and,  being  furnished  with  long  stems  having  long  internodes,  make  use  ( 

other  plants  as  supports  in  order  to  raise  their  foliage  and  flowers  from  th 

1  Schimper,  op.  cit.,  p.  8.  2  h_  Schenck,  I  and  II. 
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round  ami  brinjj  thciii  into  a  favourable  situation  as  regards  light.  They 
iclude  wootl)'  plants  with  evergreen  leaves  as  well  as  deciduous  climbin<T 
u'ubs,  also  forms  with  herbaceous  stems  that  exist  for  one  vegetative 
:ason  only,  or  are  perennial  in  their  subterranean  organs  '.  That  lianes 
imb  upon  and  around  other  plants  is  due  only  to  the  fact  that,  in  nature, 
e  plant  kingdom  alone  provides  objects  ha\ing  the  necessary  form  as 
pports  ;  it  is  the  form  alone  that  is  of  importance  and  not  the  chemical 
iturc  of  the  support,  for,  as  cultivated  plants  show,  the  support  may  be 
mposed  of  the  most  miscellaneous  materials.  Certain  forms  of  lianes  do 
cur  naturally  as  rock-climbers,  but  the  number  of  these  is  relatively  small. 
Lianes  may  be  arranged  in  four  groups,  according  to  their  mode  of 
mbing  ;  the\-  are,  scramblers,  root-climbers,  tzi'incrs,  tendril-climbers. 

Scramblers. 

The  majorit)-  of  scramblers  are  shrubs  distinguishable,  in  the  simplest 
ses,  from  other  shrubs  only  b)'  their  long  straggling  branches,  which 
pport  themselves  on  other  branches  without  fastening  in  any  active 
mner.  The  climbing  of  these  plants  is  often  assisted  by  prickles  or 
)rns,  without  our  being  able  to  regard  the  latter  as  adaptations  to  a 
mbing  mode  of  life,  for  example  in  roses  and  brambles.  Whilst  the 
jority   of  scramblers  represent    the    lowest    degree   of  liane,  there   are 

ong  them  forms  with  very  complete,  even  if  passive,  contrivances,  for 
imple  the  palm-lianes  of  the  tropical  forests.      These  will  be  described 

eafter. 

Rcot-climbers. 

These  form  a  small  group,  the  representatives  of  which  grow  upwards 
means  of  subaerial  roots  fixed  to  the  support.     .Such  fixing  roots  are 

)rt  and  thin  as  in  ivy,  or  they  may  attain  the  thickness  of  a  quill  with 

ength  of  2-3  decimeters  and  wind  like  hoops  round  cylindrical  supports, 
h  vigorous  development  of  fixing-roots   is  exhibited  only  by  tropical 

ms  like  Vanilla  and  many  Araceae,  such  as  Monstera  and  Philodendron. 


Twiners. 

n  twining  plants  the  axes  grow  spirally  around  slender  supports  in  virtue 
their  unilateral  transverse  geotropism,  which  later  on  passes  over  into 
;ative  geotropism.  To  this  group  belong  a  number  of  well-known 
baceous  climbers,  such  as  hop,  kidney-bean,  bindweed,  also  many  woody 
ics,  for  example,  honeysuckle,  the  widely  cultivated  Wistaria  chinensis, 
1  species  of  Aristolochia. 

Tendril-climbers. 

This  group  is  richest  in  forms.  Climbing  is  rendered  possible  amongst 
ni  by  the  possession  of  irritable  organs,   which,  when   in  contact   with 

^  H.  Schenck,  I,  p.  2. 
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a  support,  curl  round  it.     Morphologically  the  tendrils  are  either  leaves  c 
axes.     Oecologically  they  are  very  varied,  so  that,  following  H.  Schencl 

we  may  arrange  tendril 
climbers,  in  the  wide; 
sense,  into  si.^  group 
according  to  their  mode 
of  climbing  : — 

In  leaf- climbers  a  par 
petiole  or  blade,  of  tb 
otherwise  unmodified  le 
is  endowed  with  the  ni 
cessary  irritabilit}'.  Ft 
instance,  Clematis  V 
talba  is  a  petiole-climbe 
Fumaria  officinalis  in  i 
varieties  Wirtgenii  an 
vulgaris  a  leaf  -  blac 
climber  ;  Flagellaria  i: 
dica,  a  monocotyledoi 
ous  plant  common  in  tl 

Fig.   io.v    Secuiidaca  Sellowiana,  Klotzsch.     Lateral   shoot       tropics  of  the  Old  Worl 

Schenck'' '"  """''■    '^"■°""^'""  °'  "''""'  '"'•    ^^'"  "■      is  a  leaf-tip  climber. 


Fig.  104.  Dalbergia  variabilis,  \"og.  Old 
and  considerably  thickened  twining  branch. 
Two-thirds  of  natural  size.     After  H.  Schenck. 


Fig.  105.  .Strychnos  triplinervia,  Mart.  Sci 
what  old  lign'itied  and  thickened  climb. 
hooks. 


In  leaf-tendril  clhnhcrs.  the  leaf,  or  a  part  of  it,  is  differentiated  as 
filamentous  organ  functioning  as  a  tendril  only.  We  see  this  in  the  i' 
and  other  Vicieae,  Cucurbitaceae,  and  many  other  plants. 
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The  group  of  branch-climbers ',  like  that  of  leaf-climbers,  represents 
ihylogcnctically  a  low  degree  of  liane.  The  climbing  branches  in  the 
;ast  adapted  cases  differ  from  ordinary  branches  by  their  irritability 
nly,  and  arc  provided  with  lateral  shoots  and  leaves  (Figs.  103,  104). 
5ranch-climbcrs  arc  confined  to 
he  tropics  and  the  adjoining  re-  /O 

ions.    Examples  occur  among  1 

be  Polygalaceae,  Papilionaceae,     (q^^\  \ 
limosaccae,  Connaraceae,  and  ^y 

thcr  families.  ■ 

The  two  following  groups 
re  also  tropical  and  their  re- 
resentativcs  are  not  generally 
nown. 

The  climbing  organs  oiltook- 
'imbcrs  -  are  metamorphosed 
lorns  or  flower-stalks,  which, 
fter  embracing  the  support, 
ecome  considerably  thickened, 
xamples  are  found  in  many 
.nonaceae,  Loganiaceae,  Di- 
terocarpaceae,  Rubiaceae,  and 
se where  (Fig.  105). 

The  watch-spring  climbers'-'' 
we  thin,  spirally  coiled,  bare 
imbing  organs,  which,  owing 
the  stimulus  of  contact, 
icome  thicker  and  harder, 
hey    are     found     in    several 

hamnaceae  and  Sapindaceae 

"igs.  106,  107). 

The     most     comprehensive 

cup  of  plants  endowed  with 

:ial  climbing  organs  is  that  of 

m-icndril  climber s,W\<tz\\m\i- 

gorgans  of  whichoften  closely 

;ree  in  their  external  features, 
well  as  in  physiological  characters,  with  leaf-tendril  climbers;  but  their 

:ial  nature  is  often  betrayed  externally  not  only  by  their  position  but  also 

'  the  presence  of  rudimentary  leaves,  as  in  the  vine.     The  group  includes 

:iny  species,  for  example  in  the  families  of  the  Vitaceae  and  Passifloraceae. 

^  This  and  the  following  groups  were  first  separated  and  described  by  Fritz  Muller. 
■  Investigated  by  Treiib.  s  investigated  first  by  H.  Schenck. 

O  2 


g) 


Fig.  106.  Bauhinia  sp.  at  Blumenan.  Twig  with 
watch-spring  tendrils.  Two-thirds  of  natural  size.  After 
H.  Schencl<. 
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The  stem  of  a  liane  is  always  constructed  upon  the  same  oecological 
principle  ;  its  wood  is  not  compact  and  unbroken  as  in  the  stem  of  a  tree, 
but  fissured  in  various  ways  or  even  subdivided  into  isolated  strands. 
Hence  various  anomalies  resuh,  such  as  those  represented  in  Figs.  loS-iio, 
A  more  detailed  account  cannot  be  given  here  \ 

Lianes  are  further  characterized  by  the  great  length  and  width  of  their 


Fig.  ioS.  Anisosperma  Passiflora,  Manso. 
Transverse  section  of  stem.  Magnified 
3.2  times. 


Fig.  107.  Gouania  iirticaefolia,  Reiss. 
Watch-spring  tendrils.  Two-thirds  of  natural 
size.     After  H.  Schenclc. 


Fig.  109.  Transverse  section  of 
stem  of  Dalechampia  ficifolia,  Lamk. 
Natural  size.     After  H.  Sclienck. 


conducting  tubes,  wood-vessels  as  well  as  sieve-tubes,  by  means  of  whid 
the  conveyance  along  the  frequently  extremely  long  stem  of  non-elaborate 
sap  and  of  proteids  respectively  is  facilitated. 

Geographical  Distribution  of  Lianes. 

Lianes  thrive  in  nearly  all  climates  ;  they  are  absent  only  in  the  polar  arc 
and  in  the  alpine  regions  of  high  mountains,  where  certain  climatic  facto 

'  They  have  been  described  in  detail  and  beautifully  figured  by  H.  Schenck,  ! 
A  short  account  of  them  is  given  in  Strasburger's  Text-book  of  Botany,  Eng.  e] 
London,  1888,  p.  137. 
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Fig.  1 10.  Transverse  section  of  stem  of  Seciiridaca 
lanceolata,  St.-Hil.     Natural  size.     After  li.  Sclienck. 


re  unfavourable  to  the  production  of  long  axes^.  The  guild  therefore 
ihabits  an  enormous  area,  although  it  is  very  unequally  distributed.  In 
y  far  the  majority  of  cases,  lianes  are  inhabitants  of  the  tropics  and  of 
few  neighbouring  lands  with 

tropical  climate,  such  as 
Jouthern  Brazil  and  South 
lorida.  According  to  an 
stimate.  which  H.  Schenck 
onsiders  as  probably  too  low, 
bout  ten-elevenths  or  over 
incty  per  cent,  of  the  lianes 
re  tropical.  Even  in  the 
lopics  the  distribution  of 
anes  is  very  unequal  ;  most 
f  the  long  woody  forms 
nly  appear  in  damp  rain- 
crests  and  monsoon-forests  ", 
•hilst    dry    woodlands    and 

ivannahs  produce  hardly  any  but  thin-stemmed  and  chiefly  herbaceous 
)rms. 

Outside  the  tropics,  lianes  occur  chiefly  in  temperate  rain-forests  in 
outhern  Japan.  New  Zealand.  Southern  Chili,  more  rarely  and  in  less 
ariety  in  very    damp    summer-forests^   in    Central   Japan,   Atlantic   and 

entral  North  America,  without  showing  anything  like  such  variety  as 
1  the  tropics. 

2.  EPIPHYTES*. 

Epiphytes  are  plants  that  germinate  on  other  plants  and  grow  without 
btaining  nutriment  at  the  cost  of  the  substance  of  their  host.  In  this 
hey  diff'er  from  true  parasites,  with  wdiich  they  are  often  confounded. 

Their  mode  of  life  makes  the  acquisition  of  the  necessary  nourishment 

matter  of  difficult)-,  but  starvation  is  not  the  chief  danger  to  which 
liey  are  exposed.  Epiphytes,  attached  as  they  are  to  the  surface  of  other 
lants,  are  more  exposed  to  the  danger  of  drought,  and  they  are  con- 
equentl}'  confined  to  regions  where  long  persistent  drought  is  unknown, 
xcept  when  they  have  the  faculty  of  existing  in  a  desiccated  condition, 

power  which  is  possessed  by  many  mosses  and  lichens,  but  which  appears 
0  be  altogether  wanting  in  ferns  and  phanerogams,  in  spite  of  the  ability 
fa  few  species  to  withstand  very  considerable  loss  of  water.  The  epiphytic 
;uild  therefore  exhibits,  according  to  the  nature  of  the  climate,  an  in- 
quality  in  systematic  composition  and  in  diversity  and  luxuriance  of  growth. 

Districts  where  a  drying  up  of  the  plants  owing  to  scarcity  of  water  is 
'  See  Part  III,  Sects.  Ill  and  IV.  '  See  Part  III,  Sect.  I,  Chap.  III. 

'  See  Part  III,  Sect.  II.  ■*  Schimper,  op.  cit. 
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impossible  are  confined  to  the  tropics.  The  rain-forests  of  tlie  tropics  an 
always  moist.  This  is  much  less  true  of  rain-forests  of  the  warme 
temperate  zones  and  not  at  all  true  of  the  summer-forests  of  highe 
latitudes,  for  the  cold  of  winter  there  constitutes  a  period  of  physiologica 
drought,  which,  even  with  the  heaviest  atmospheric  precipitation,  is  mor 
opposed  to  the  suppl}^  of  water  than  great  dryness  when  united  with  hea 
Under  heat  and  dryness  transpiration  is  indeed  much  greater,  but  thf 
absorption  of  water  is  not  hindered  and  the  nightly  dew  is  of  direi 
advantage  to  the  superficial  roots  of  the  epiphjtes,  whereas  under  temperati 
conditions  there  is  no  supply  of  water  to  be  set  against  its  loss  by  epiph}-te! 
for  the  frozen  or  at  any  rate  very  cold  exposed  roots  transpire,  but  absoi 
nothing. 

Corresponding  to  these  conditions  of  life,  the  vast  majority  of  epiphyti 
belong  to  tropical  rain-forests.  Only  there  do  they  luxuriantly  cov 
stems,  branches,  and  frequently  even  the  leaves  of  trees,  and  often  ther 
selves  attain  the  dimensions  of  trees.  In  districts  with  markedl}-  d)' 
seasons,  and  on  the  isolated  trees  of  savannahs,  epiphytes  are  eith 
completely  wanting,  or  rare  and  represented  by  relatively  few  forms.  Sut 
forms  as  are  found  are  emigrants  from  the  rain-forests,  and  their  presence 
always  a  sign  that  the  dry  season  is  not  long,  or,  as  in  the  monsoon-fores 
is  accompanied  by  copious  dew. 

The  origin  of  the  guild  of  epiphytes  in  tropical  forests  may  have  cor 
about  in  the  following  way.     Many  teirestrial  plants  living  in  the  forest  a; 
able  to  settle  and  grow  on  rough  fissured  stems,  in  the  forks  of  boughs,  a 
on  other  spots  where  humus  collects.      This  happens  in  the  tropics  in  t 
case  of  many  Solanaceae,  Melastomaceae,  and  ferns.     From  such  accident 
epiphytes  true   epiphytes  were  derived,  since  many  of  these  plants  ovvfl 
their  existence  to  this  faculty,  which  secured  for  them  a  safe  retreat  outsife 
the   seat  of  conflict.     The   competition  on   the  trees   was   limited  to  ii 
species,  because  the  faculty  of  existing  as  an  epiphyte  demands    cerfci 
definite   and   by  no  means  common  characters.     Obviously,   for  instan, 
only  such  plants  germinate  on  trees  as  are  provided  with  seeds  capableJf 
dispersal  not  only  in  a  horizontal,  but  also  in  a  vertical  direction,  and  1 
latter  demands  adaptations  to  arboreal  animals  and  to  the  wind.    Moreo\[, 
the  seeds  must  be  very  small,  so  that  they  can  enter  narrow  crevices,  a  i 
in  the  case  of  dispersal  by  the  wind  they  must  be  extremely  light,  beca 
vertical   wind-currents   are  weak  in   the  forest.     The    seeds    of  epiphy 
actually   fulfil    all    these    conditions  ;    they   are  always   small,  and    eit 
surrounded  by  succulent   envelopes,  as  in  Aroideae,  many  Bromeliacei; 
Rubiaceae,  Melastomaceae,  Ficus,  Cactaceae,  and  Gesneraceae,  or  they  e 
extremely  light,  even  like  powder,  as  for  instance  the  spores  of  ferns,  e 
seeds  of  orchids,  or  they  are  provided,  in  spite  of  their  ver\-  small  dimensics, 
with  a  most  suitable  parachute,  as  in  Rhododendron,  many  BromeliaceS, 
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\sclcpiadaceae,  Gesneraceae,  and  Rubiaceae.  Moreover,  from  the  first  all 
)lants  that  produce  many  lateral  roots  and  require  relatively  little  water 
'ain  an  advantage.  Hence  the  number  of  .species  that  could  emigrate  to 
rees  was  relatively  small,  and  victory  over  competitors  was  dependent  on 
onditions  other  than  those  prevailing  on  the  ground. 

In  those  species  which  no  longer  grew  on  the  ground  and  therefore  could 
)ersist  as  epiphytes  only,  those  characters  were  naturally  selected  that  were 
pecially  suited  for  existence  on  trees  ;  they  have  been  adapted  to  this, 
[specially  was  every  characteristic  that  enabled  an  epiphyte  to  advance 
pwards  towards  the  light  preserved  and  further  developed.  In  the  first 
)lace,  in  this  relation  protective  means  against  the  loss  of  water  are  in 
luestion,  for  ever}-  step  on  the  way  from  the  base  to  the  summit  of  a  tree 
wrings  with  it  not  only  more  light  but  also  greater  dryness.  Epiphytes 
jrowing  at  the  base  of  trees  in  a  rain-forest  are  hygrophilous,  those  that 
)ccur  on  the  highest  branches  are  xerophilous.  The  whole  matter  gives 
he  impression  of  a  gradual  ascent  from  the  deep  shade  into  the  sunlight, 
rem  the  damp  cool  air  of  the  interior  of  the  forest  to  the  dry  heat  of  the 
op  of  the  forest. 

Xerophilous  sun-loving  epiphytes  of  the  summits  of  trees,  although  they 
epresent  the  descendants  of  hygrophilous  shade-bearing  plants,  are  able 
o  desert  the  rain-forest.  Thanks  to  their  changed  characters  they  are 
ible  to  inhabit  quite  open  country.  Thus  they  emigrated  from  the  rain- 
brests,  and  colonized  regions  with  markedly  dry  seasons,  especially 
■nonsoon-forests,  savannahs,  and  savannah-forests.  A  limit  was  set  to 
heir  success  only  where  the  drought  lasted  several  months  without  being 
nterrupted  regularly  by  heavy  falls  of  dew  ;  yet  there  they  were  able  to 
settle  permanently  on  the  banks  of  rivers  and  lakes.  The  winter  cold 
•nore  completely  arrested  the  emigration  of  tropical  epiphytes.  Only  few 
pecies  endowed  with  specially  strong  powers  of  resisting  drought  and 
:old,  such  as  Tillandsia  usneoides  and  Polypodium  incanum  in  North 
America,  were  able  to  advance  into  districts  with  cold  winters. 

The  tropical  rain-forests  have  been  by  far  the  most  important  sources  of 
origin  of  the  epiphytic  guild,  and  their  productions  have  penetrated  far 
nto  the  warm  temperate  zones  of  North  America,  Argentina,  Japan,  and 
Australia.  We  also  find,  however,  in  the  temperate  zones  two  limited 
lutochthonous  sources  of  origin  of  higher  epiphytes,  namel\',  in  the  com- 
paratively inextensive  temperate  rain-forests  of  Southern  Chili  and  of 
New  Zealand.  Here  real  temperate  higher  epiphytes  have  sprung  from 
temperate  phanerogams  and  ferns. 

Outside  this  region,  as  autochthonous  epiphytes,  we  find  onlj'  small  Algae, 
ichens,  and  mosses,  that  is  to  say,  plants  that,  owing  to  their  faculty  of 
;xisting  for  months  in  a  dry  condition,  can  resist  even  the  desiccating 
effects  of  prolonged  winter  cold.     But  even  they  are  found  richly  developed 
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Fig.  III.  lonopsis  sp.     An  epiphytic  orchid  on  an  orange  branch.     Blumenau,  Southern 

I5razil.     Natural  size. 

only  in  damp  districts,  especially  in  a  cloudy  climate,  or  near  stretches  of 
water.     As  in  the  tropics,  so  also  in  temperate  regions,  terrestrial  plants 
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nay  be  found  growing  accidentally  in  the  hollows  of  old  trees ;  they 
iccur  however  only  in  places  where  considerable  masses  of  soil  facilitate 
he  development  of  true  subterranean  roots,  and  they  cannot  in  any  way  be 
onsidered  as  epiphytes. 

The  varied  contrivances  by  means  of  which  higher  epiphytes  have 
jecome  adapted  to  their  mode  of  life  are  so  closely  connected  with  the 
onditions  of  existence  in  rain-forests  and  arc  so  characteristic  of  the  latter, 
hat  they  and  the  forests  should  be  discussed  together.  It  may  now 
nerely  be  stated  that  they  chiefly  belong  to  the  ferns  and  orchids  (Fig.  i  ii), 
nd  in  America  specially  to  the  Bromeliaceae. 

3.   SAPROPHYTES. 

Saprophytes  constitute  a  group  of  plants  that  dispense  with  chlorophyll 
md  are  therefore  dependent  on  organic  nutriment.  They  obtain  this 
lutriment  from  dead  vegetable  and  animal  substances,  and  in  a  more 
)r  less  decomposed  condition  according  to  the  particular  species. 

The  vast  majority  of  saprophytes  belong  to  the  Bacteria,  Myxomycetes, 
ind  Fungi ;  the  remainder  are  phanerogams.  There  are  no  other  classes 
>f  plants  represented  among  them.  In  accordance  with  their  mode  of 
lutrition,  all  saprophytes,  except  perhaps  bacteria,  must  be  derived  from 
reen  assimilating  plants.  Among  phanerogams,  numerous  transitions 
till  exist  between  purely  inorganic  and  purely  organic  methods  of  nutrition. 
The  first  stage  is  denoted  by  the  appearance  of  the  mycorhiza,  by  means 
f  which  phanerogams  and  ferns  were  first  enabled  to  utilize  the  organic 
onstituents  of  humus.  Increasing  dependence  on  the  fungus  of  the 
iiycorhiza.  whose  role  has  been  transformed  from  that  of  a  mere  supplier 
)f  nitrogen  to  that  of  a  universal  provider,  has  led  through  numerous 
ntermediate  stages  to  the  purely  saprophytic  mode  of  life.  The  sapro- 
phytic habit  has  conferred  on  the  plants  which  possess  it  the  power  of 
)ccupying  stations  w'here,  on  account  of  insufficient  illumination,  green 
slants  can  exist  feebly  or  not  at  all.  Like  halophytes  and  epiph}-tes, 
saprophytes  are  also  fugitives  from  the  struggle  for  existence. 

Despite  the  wide  distribution  of  mycorhiza  only  a  relatively  small 
lumber  of  phanerogams,  belonging  to  a  few  families,  have  adopted  the 
purely  saprophytic  mode  of  life.  The  majority  of  these  are  monocotyle- 
dons and  chiefly  orchids,  but  the  small  family  of  Burmanniaceae  is  chiefly 
saprophytic,  and  that  of  Triuridaceae  exclusively  so.  Among  dicotyle- 
donous plants  only  Gentianaceae  and  Monotropeae  possess  saprophytic 
'Pecies. 

The  change  in  the  mode  of  nutrition  causes  a  change  in  the  structure 
ind  oecology  of  the  plant.  Chlorophyll  having  become  useless  is  sup- 
oressed  or  transformed  into  other  brown,  yellow,  or  brick-red  pigments 
apparently  allied   to   chlorophyll,  and   these  give    to  saprophytes  a  vivid 
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colour  whose  oecological  significance,  if  existent,  is  not  yet  known.  Simul- 
taneously with  the  chlorophyll,  the  organs  that  are  functionally  connected 
with  it  are  reduced,  in  particular  the  leaf-surface,  which  in  saprophytes  is 
still  present  only  in  the  form  of  a  small  scale,  the  stomata,  which  have 
quite  disappeared  in  some  species,  the  tracheal  passages,  whose  place  is 
taken  by  a  few  narrow  vessels  and  tracheids.  The  subterranean  system, 
in  accordance  with  the  reduced  transpiration,  is  less  developed  than  in 
green  plants,  and  in  many  cases  assumes  a  coralloid  appearance.  Mycorhiza 
is  well  developed  in  saprophytes.  So  far  as  we  can  apprehend,  their 
flowers  do  not  essentially  differ  from  those  of  their  non-saprophytic  allies ; 
their  colour  frequently  agrees  with  that  of  their  vegetative  organs.  The 
peculiarities  of  their  seeds  have  not  yet  been  oecologically  explained. 
They  are  very  numerous,  of  minute  size,  and  possess  an  undifferentiated 
feebly  developed  embryo. 

Saprophytes,  unlike  lianes,  and  especially  unlike  epiphytes,  are  not  con 
fined  to  certain  definite  climates,  but,  at  least  in  their  systematically  lower 
forms,  appear  in  all  climates,  whilst  the  higher  forms  prefer  damper  climates 
and  chiefly  inhabit  shady  places.  Their  larger  forms  appear  principally  in 
forests,  in  which  saprophytes  constitute  an  essential,  if  only  occasionally 
a  noticeable  part  of  the  vegetation.  The  most  conspicuous  and  commonest 
saprophytes  in  Europe  are  pileate  fungi  ;  phanerogamic  saprophytes  are 
much  rarer.  But  a  close  investigation  shows  us  at  once  that  humus  is 
completely  permeated  by  fine  mycelial  hyphae,  and  that  all  dead  stems 
branches,  and  leaves  nourish  a  rich  thallophytic  flora  of  saprophytes. 

The  more  the  chlorophyll-apparatus  is  reduced  in  amount  in  licmisapro- 
phytcs  the  more  do  they  approach  in  general  structure  true  saprophytes 
Coralliorrhiza  innata  and  Limodorum  abortivum,  two  humicolous  orchid; 
poor  in  chlorophyll,  very  much  resemble  holosaprophytes,  owing  to  theii 
leaves  being  reduced  to  scales,  the  first  also  by  its  coral-like  rootless  rhizom< 
and  the  second  by  its  violet  colour.  This  violet  colour  is  seen  in  a  stil 
higher  degree  in  Lecanorchis  javanica,  an  orchid  poor  in  chlorophyll,  whid 
I  observed  in  Java.  The  gentianaceous  Obolaria  virginica  I  may  conside 
as  belonging  to  a  lower  step  in  the  transition  to  a  saprophytic  mode  o 
life.  I  frequently  found  this  pretty  little  plant  on  the  deep  humus  of  ver} 
shady  forests  near  Baltimore,  and  was  struck  with  the  fact  that,  difterinj 
from  other  shade-plants,  it  possessed  a  succulent  stem  and  very  smal 
leaves. 

4.  PARASITES.' 

Parasites  derive  their  nutriment  partially  or  entirely  from  other  livins 
organisms,  either  plants  or  animals.  They  share  with  saprophytes  th. 
property  of  obtaining  their  carbon  partially  or  entirely  from  organic  com' 
pounds,  and  they  assimilate  the  carbon-dioxide  of  the  air  in  correspondingl; 
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small  quantities,  or  not  at  all.  The  latter  circumstance  has  caused  similar 
results  in  both  cases  as  regards  incmbers  serving  for  the  elaboration  of 
carbon-dioxide.  Like  hemisaprophytes,  hciiiiparasitcs,  which  obtain  only 
a  portion  of  their  necessary  carbon  in  an  organic  form,  more  or  less  resemble 
autotrophic  plants  as  regards  the  amount  of  chlorophyll  they  contain  and 
as  regards  the  form  of  their  leaves ;  whereas  holoparasitcs,  which  live 
entirely  at  the  cost  of  the  organic  substance  of  their  host,  like  holosapro- 
phytes  are  devoid  of  chlorophyll  and,  if  phanerogams,  develop  scales 
in  the  place  of  foliage-leaves.  All  possible  stages  connect  the  two  chief 
groups  of  parasites. 

The  absence  or  reduction  of  the  organs  serving  in  other  cases  for  the 
assimilation  of  carbon  dioxide  endows  holosaprophytes  and  holoparasites 
with  a  great  resemblance  to  one  another  as  regards  habit.  Parasitism, 
however,  in  certain  cases  has  had  a  still  deeper  modifying  influence  on  the 
vegetable  organism  than  has  saprophytism.  Thus  there  are  parasitic 
phanerogams,  like  Rafflesiaceae  and  Pilostyles,  that  are  reduced  to  mere 
roots  and  flowers,  others,  such  as  Balanophoraceae  and  Lennoaceae,  with  a 
general  fungoid  form  that  no  longer  recalls  the  appearance  of  flowering 
l^ants.  Such  extreme  forms  are  so  modified  by  their  parasitic  mode  of 
lite,  even  in  the  formation  of  flower  and  fruit,  that,  although  they  are  the 
descendants  of  autotrophic  plants,  their  systematic  position  can  no  longer 
be  determined  with  ccrtaint}'. 

It  is  easy  to  understand  why  the  organs  of  absorption,  the  roots  in 
phanerogams,  should  be  the  most  deeply  modified  by  a  parasitic  mode 
of  life.  It  is  only  in  this  regard  that  an  essential  difference  is  exhibited 
between,  on  the  one  hand,  saprophytes  which  absorb  their  organic  nutri- 
ment from  dead  matter  by  means  of  the  mycorhiza,  and,  on  the  other  hand, 
parasites  which  take  theirs  from  living  organisms  by  means  of  haustoria. 
The  haustoria  of  parasites  are  in  many  cases  minute  outgrowths  of  other- 
wise normal  roots,  for  example  in  numerous  terrestrial  hemiparasites 
belonging  to  the  genera  Euphrasia,  Rhinanthus,  and  other  Scrophulariaceae, 
as  well  as  to  the  genera  Thesium  and  Santalum  in  the  Santalaceae.  The 
haustoria  attach  themselves  closely  to  the  host  and  drive  into  it  processes 
which  are  the  true  organs  of  absorption. 

In  other  cases,  a  larger  portion  of  the  root-system,  or  the  whole  of  it, 
is  enclosed  within  the  host.  In  still  other  cases,  the  roots  die  early  and 
the  haustoria  are  developed  on  the  stem,  being  apparently  homologous 
with  adventitious  roots.     This  is  found  in  Cuscuta  and  Cassytha  (Fig.  112). 

The  mode  of  life  of  phanerogamic  parasites  is  very  varied.  Some  are 
terrestrial,  either  erect  herbs  rooted  to  their  host  in  the  ground  like 
Euphrasia  and  Thesium  among  hemiparasites,  Orobanche  and  Lathraea 
among  holoparasites  ;  or  woody  plants,  as  Santalum  album.  Others  are 
rootless  lianes,  such  as  the  species  of  the  convolvulaceous  genus  Cuscuta 
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and  the  lauraceous  genus  Cassytha — both  leafless  twiners  with  haustori: 
on  their  stems  and  more  (Ciiscuta)  or  less  (Cassytha)  poor  in  chloro 
phyll.  Others  again  have  the  habitat  of  true  epiphjtes  ;  such  are  th< 
mistletoe  (Viscum  album),  Loranthus  europaeus  and  numerous  othe 
Loranthaceae.  also  several  Santalaceae  of  extra-tropical  South  America 
These  epiphytic  forms  are  all  hemiparasites  except  Loranthus  aphyllus' 

Many  are  at  the  sam( 
time  climbers.  Finally 
a  separate  oecological  po 
sition  may  be  assigned  tc 
those  forms  that,  excep 
for  their  organs  of  repro- 
duction, are  buried  withii 
their  host. 

In  the  case  of  fungi,  stil 
greater  differences  in  thei 
mode  of  life  exist ;  for  cm 
reason,  because  they,  un 
like  phanerogams,  are  no' 
confined  to  vegetable  sub- 
strata but  also  attacl 
animals,  and  also  because 
man\-  species  assume  dif 
ferent  forms  on  differen 
hosts. 

Like  saprophytes,  para 
sites  belong  to  a  relatively 
small  number  of  sys 
tematic  groups,  and  ar 
most  numerous  amons 
fungi  and  bacteria.  Alga- 
include  only  a  few  hole 
parasites  compared  witi 
the  more  numerous  hem! 
parasites  in  the  grouf 
Holoparasites  and  holosa 
prophytes  alike  are  want 
ing  among  mosses,  pteridophytes,  and  gymnosperms.  The  analog; 
between  the  two  oecological  groups  of  holop^Crasites  and  holosaprophyte 
does  not  extend  to  angiosperms.  Although  there  is  a  parasite  (Melampy 
rum  pratense)  that  apparently  can  also  exist  saprophyticallj^  (L.  Koch 
yet  the  two  modes  of  organic  nutrition  among  angiosperms  are  systemat 

'  According  to  Johow. 


Fig.  112.  Cuscuta  europaea.  In  the  centre  a  willow  twig 
round  which  the  parasite  is  twining,  b  reduced  leaves,  Bl 
flowers.  On  the  left,  connexion  of  the  parasite  Ctis  with  its 
host  W.  H  baustoria.  v,  c,  s  vascular  bundle  of  the  host. 
On  the  right,  seedlings  ;  t  base  of  seedling  dying  off.  From 
Strasburger's  Te.xt-book  of  Botany. 
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;ally  sharply  divided.  The  majorit\-  of  holosaprophytes  belong  to 
nonocotyledons,  which  include  no  parasites,  and  the  famih'es  in  which 
jarasitcs  occur  include  no  saiH-ophytes.  Not  only  the  Balanophoraccae, 
vafflesiaceac.  Orobanchaceac,  and  Lennoaceae,  which  are  exclusively 
loloparasites,  and  the  Loranthaccae  and  Santalaccac,  which  consist  chiefly 
)f  hcmiparasites,  but  also  the  Convolvulaceae  (Cuscuta),  Scrophulariaccae 
Melampyrum,  Euphrasia,  Rhinanthus),  and  Lauraceae  (Cassytha),  in  which 
)nly  some  genera  are  parasitic,  include  no  saproph\-tes.  There  arc  not 
:ven  any  hemisaprophytes  in  the  last-mentioned  three  families. 

Parasites  are  not  confined  to  definite  climatic  conditions  and  are 
hercfore  found  in  all  zones  and  districts.  Hence  geographically  they 
ire  only  of  slight  interest,  and  have  been  referred  to  here  only  because 
:hey  frequently  contribute  some  details  to  the  oecological  characters  of 
formations. 
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INTRODUCTION 

The  summer  and  winter  isotherms  subdivide  the  earth's  vegetation 
ito  more  or  less  parallel  zones  of  different  systematic  character.  Certain 
ders  and  families  of  plants  are  dependent  on  constanth"  high  tempera- 
n-es,  such  as  prevail  in  the  tropics  alone,  and  perish  at  the  freezing- 
jint  of  water  or  even  at  some  degrees  above  it  (Macrotherms) ;  whereas 
ir  the  development  of  other  plants  other  temperatures,  alternately  high 
•  low.  are  required  (Mcsotherms).  The  plants  of  the  second  category  also 
chibit  differences  in  their  susceptibility  to  temperatures  below  zero, 
id  these  differences  call  forth  corresponding  ones  in  the  characters  of 
;e  flora  as  the  latitude  increases.  Finally,  polar  zones  are  inhabited 
r  plants  that  can  support  without  injury,  not  only  very  low  winter 
mperatures,  but  also  frosty  weather  during  the  vegetative  season,  and 
e  able  to  complete  their  cycle  of  development  in  a  short  time 
.licrotherms). 

A  reduction  in  the  temperature,  similar  to  that  from  the  Equator  to 
le  Poles,  occurs  in  a  vertical  direction  up  mountains  that  exceed  the 
nit  of  perpetual  snow.  But  here  the  isothermal  zones  are  much 
UTOwer,  so  that,  for  instance,  Kilimanjaro,  6,000  meters   high,  possesses 

its  base  an  equatorial  climate,  but  at  its  summit  one  that  ma\"  be 
rmed  polar  as  regards  the  temperature  of  the  air. 

The  resemblance  between  the  change  in  climate  in  passing  from  the 
quator  to  the  Poles,  and  from  the  base  of  mountains  to  their  summit, 

limited  to  the  temperature  of  the  air  ;  the  vertically  increasing  rare- 
ction  of  the  air  bestows  on  other  climatic  factors  ver}'  characteristic 
aturcs,  which    are    not    at    all   comparable   with   those   in   the    lowlands. 

is  according!}-  inadvisable  to  apply  the  term  zones  to  the  climatic 
:lts  of  mountains,  though  this  has  frequently  been  done  in  recent  times  ; 
ice  by  this  means  a  partial  analogy  receives  an   exaggerated  and  con- 

sed  expression  ;  we  should  rather  retain  the  term  of  regions  used  by 
'.rlier  geographical  botanists,  and  by  Grisebach  among  others. 

Zones  of  temperature  are  by  no  means  identical  floristically  and 
:coIogically  all    round   the   earth;    indeed    they  show   themselves   to   be 
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subject  to  a  more  or  less  rapid  change,  attributable,  as  regards  the  flon 
parti)'  to  historical  causes  and  partly  to  the  inequality  in  the  climati 
humidity,  but  as  regards  vegetation,  to  the  climatic  humidity  exclusivel} 
According  to  the  nature  of  the  atmospheric  precipitations,  either  th 
woodland,  grassland,  or  desert  type  predominates,  and,  excluding  th 
local  effects  of  soil,  the  type  of  vegetation  changes  its  character  onl 
on  passing  to  a  climate  with  a  different  degree  of  humidit)'.  Tracts  c 
land  bounded  by  such  climates  may  be  termed  districts'^.  The  varioi 
districts  of  vegetation,  in  contrast  to  the  floristic  zones,  exhibit  ver 
irregular  distribution  and  very  unequal  areas. 

High  mountains  differ,  as  regards  temperature  and  humidity,  climaticall 
from  the  lowlands.  Their  regions  defined  by  temperature  are  at  the  san 
time  those  defined  by  atmospheric  precipitations. 

Owing  to  the  great  differences  between  the  conditions  of  vegetatic 
in  mountains  and  lowlands,  and  to  the  manifold  oecological  relations 
the  mountain  vegetation  everywhere,  it  appears  advisable  to  separate  tl 
treatment  of  high  regions  from  that  of  zones  and  districts  and  to  devo 
a  distinct  section  of  the  book  to  the  vegetation  on  mountains.  Tl 
sections  on  zones  therefore,  except  in  cases  where  the  exclusion  of  lo 
mountains  or  of  the  lower  regions  of  mountains  would  be  unnatural,  a 
devoted  to  the  lowlands. 

'  See  p.  1 60  and  ff. 


SECTION  I.     THE   TROPICAL  ZONES 

CHAPTER    I 

GENERAL   CHARACTERS   OF  THE  TROPICAL  CLIMATE 
AND  ITS  EFFECTS  ON   VEGETATION   AND    FLORA 

I.  General  Characters  of  the  Tropical  Climate.  i.  Atmospheric  Pyecipitatioiis. 
Rain.  Kelalivc  humidity.  Clouds,  ii.  Heat.  Temperature  of  the  air.  Heating  by 
direct  insolation,  ill.  Li[^ht  and  the  Ultra-'^'iolet  Rays.  Intensity  of  the  chemical  rays  of 
light.     2.  Some  General  Effects  of  the  Tropical  Climate  on  Plant-life.      i.   Pio- 

sses  that  are  eliiejly  injiiienced  by  Heat.  Cardinal  points.  Cases  of  rapid  and  slow 
;,TO\vth.  Transpiration  in  sun  and  shade,  ii.  Pliysioloi^teal  Action  of  Tropical  Light 
<n  Plants.  Protective  measures  against  intense  light.  Decomposition  of  chlorophyll. 
Position  of  foliage-leaves.  Photic  ration  of  shade-plants,  iii.  Physiological  .-letion  of 
Atinospherii  Precipitations  on  Plants.     The  controlling  influence  on  the  character  of  the 

egetation  and  the  periodic  processes.  Ombrophily  and  onibrophoby.  3.  The  Floristic 
Character  of  the  Tropical  Zone.     Sur\ey  of  the  megathermic  group  of  forms. 

I.  GENERAL  CHARACTERS  OF  THE  TROPICAL  CLIMATE, 
i.   ATMOSPHERIC   PRF.CU'PPATIONS. 

The  amount  of  the  annual  rainfall  in  the  tropics  varies  between  5  meters 
and  more  at  some  mountain-stations  and  a  few  centimeters  in  desert 
districts.  It  is  on  the  average  greatest  in  the  equatorial  zone,  that  is  to 
say  between  5°  X.  and  5°  S.,  and  it  diminishes  more  rapidly  in  a  northerly 
than  in  a  southerly  direction.  The  desert  districts  within  the  tropics 
belong  with  few  exceptions  to  the  border  zones  and  merely  represent 
the  tropical  continuations  of  the  extensive  subtropical  deserts. 

At  least  as  important  to  plant-life  as  the  amount  of  precipitation  is 
its  seasonal  distribution.  The  year  in  the  greater  part  of  the  tropical 
zone  consists  of  a  dry  .season,  usually  coinciding  with  the  winter  months, 
and  a  rainy  season  in  the  summer  months.  Some  equatorial  districts, 
for  example  Guiana,  possess  two  unequally  long  rainy  seasons,  and  some 
others,  for  example  Singapore,  have  no  distinct  rainy  season  in  the  year. 
The  difference  between  rainy  and  diy  seasons  is  more  decided  inland, 
especially  in  plains,  than  along  the  coasts  and  on  mountains,  where  its 
influence  on  plant-life  is  frequently  no  longer  appreciable.  The  coin- 
cidence of  the  rainy  and  dry  seasons  with  certain  months  in  the  \^ear 
is  not  a  matter  of  physiological  importance  to  the  vegetation,  except  in 
iome  border  districts  of  limited  area,  since  the  differences  between  the 
lemperatures  in  winter  and  summer  are  usually  very  small. 
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The  relative  humidity  of  the  air  usually  corresponds  to  the  amount  of 
rainfall,  and  is  naturally  greater  in  the  rainy  than  in  the  dry  season. 
Again,  districts  on  the  coast,  islands,  and  mountainous  countries  are 
characterized  by  a  high  degree  of  relative  humidity,  by  which  we  under- 
stand a  mean  annual  relative  humidity  of  not  less  than  <^o  y^.  The 
relative  humidity  rises  at  night  and  in  the  early  morning  hours  up  to 
saturation,  but  falls  during  the  day,  in  sunny  weather,  low  enough  at 
65-70  y,  to  exert  considerable  desiccating  effects  on  vegetation.  In 
districts  with  marked  dry  seasons,  the  relative  atmospheric  humidity 
during  these  descends  on  the  average  to  55-65  °/^,  and  much  lower  in 
desert  districts.  Many  districts  with  dry  seasons  have  during  the  nights 
in  these  seasons  a  heavy  formation  of  dew,  which  is  important  to  the 
vegetation. 

In  many  districts  during  the  rainy  season  constant  clouds  prevail,  so 
that,  according  to  Hann,  a  heavy,  dark  cloudy  sky  persists  for  months. 
This,  however,  is  by  no  means  the  case  everywhere,  and  does  not  agree 
with  my  own  experience  of  tropical  rainy  seasons  in  Trinidad  and  Java, 
during  which  most  da\-s  included  several  sunn}-  hours  ;  although  com- 
pleteh-  rainy  days  were  not  wanting,  yet,  on  the  other  hand,  bright  days 
were  not  less  frequent.  In  Buitenzorg  during  the  rainy  season  the  sky 
is  usual!}'  quite  bright  before  midday,  and  the  bursts  of  rain,  which  cause 
the  high  annual  rainfall  of  about  j,\  meters,  for  the  most  part  fall  only 
during  some  hours  after  midday,  though  with  a  violence  unknown  in 
Central  Europe.  The  dry  season  in  many  districts  is  characterized  by 
a  continuously  cloudless  sk}-,  whereas  in  some  the  dry  season  exhibits 
a  cloudiness  hardly  or  not  at  all  less  marked  than  does  the  rain}-  season. 

The  following  table,  taken  from  Hann  and  compiled  by  J.  Murra}-  and 
S.  Arrhenius,  represents  the  mean  distribution  of  the  atmospheric  precipi- 
tations in  the  tropical  zone  and  in  the  neighbouring  belts  of  the  temperate 


TABLE   OF    MEAN    DISTRIBUTION    OF   ATMOSPHERIC   PRECIPITATION 
IN   TROPICS  AND   ADJACENT   BELTS    (after  Hann). 


Latitude. 

N. 
45° 

N. 
35° 

N. 
25° 

N. 
15° 

N.     S.      S.  1  S. 

5°      5^     -Syzs^ 

S. 
35 

S. 

45' 

Rainfall 
in  centimeters. 

57 

55 

68 

95 

197    189   123    65 

70 
49 
79 

ic6 

61 

81 

Cloudiness 
per  cent. 

54 

46 

40 

43 

55      59     52     45 

1 

Relative  humidity 
per  cent. 

74 

70 

71 

76 

79     81      78 

1 

77 

Hann,  op.  cit.,  Bd.  II,  p.  37. 
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ii.   HEAT. 

The  mean  annual  atiiiosp/tcric  tcntpcraiure  varies  between  20"  and  28°, 
k1  is  very  steady  when  compared  with  that  of  higher  latitudes ;  even  the 
fferences  between  the  annual  liighest  and  lowest  temperatures  in  the 
luatorial  district  do  not  much  exceed  that  of  the  diurnal  variation  of 
mpcrature,  and  on  the  average  are  from  io°-i3°C.,  but  often  much  less, 
en  J  . 

•The  difference  of  temperatures  between  the  hottest  and  coldest  montli  near  the 
quator  lies  between  1°  and  5°C.,  and  does  not  exceed  these  figures,  not  even  in 
e  interior  of  continents— at  Lado  in  Central  Africa,  5°  N.,  it  is  4-8°  C. ;  at  Iquitos, 

S.,  it  is  2-4°  C. ;  at  Equatorville  on  the  Congo  it  is  1-2°  C.  But  even  towards  the 
aits  of  the  tropics,  and  in  the  extremest  climates  met  with  within  the  tropics,  the 
nual  variation  of  temperature  hardly  exceeds  13°.  At  Calcutta  it  is  10-3'' ;  at  Hong 
ang,  13-4'' ;  at  Vera  Cruz,  6-5 " ;  at  Havana,  5-8";  at  St.  Louis  in  Senegal,  9.0° ;  at  Rio 

Janeiro,  6-5° ;  at  Kuka  in  Bornu,  12-1°  ;  at  Khartum,  12.9"  C.  The  annual  variation 
temperature  is  therefore  at  many  places  less  than  the  diurnal  variation,  the  limits 
which  we  may  perhaps  assume  to  be  5'  and  13°,  for  example  at  Equatorville,  8";  in 
tavia,  6.5",  and  during  August,  -j-f ;   at  Chinchosho  in  Loango,  annual  variation, 

,  but  in  July,  ■j-^'' ;  at  Kuka  in  the  dry  season,  11-4'' ;  at  Lado,  difference  2h.-7h., 
nual  variation  77',  in  the  dry  season  ii-i°;  at  Bakel  in  West  Africa,  12-4'' C." 

Only  at  a  few  points,  quite  close  to  the  limits  of  the  zone,  for  example 
Southern  China,  is  zei'D  or  even  a  somewhat  lower  temperature  actually 
iched  now  and  then.  The  average  maxima  usually  vary  between  ■:5o" 
d  35°  C.  and  remain  below  the  extremes  observed  in  extra-tropical 
tricts. 

Meteorological  reports  unfortunately  only  exceptionally  give  data  re- 
ding temperatures  due  to  direct  insolation,  although  this  at  least  ec^uals 
nospheric  temperature  in  its  importance  to  organic  life-.  Corresponding 
the  position  of  the  sun  at   the   zenith   or  at  a   short  distance  from   it, 

intensity  of  insolation  during  a  definite  period,  for  example  in  an  hour, 
greater  in  the  tropics  than  in  higher  latitudes,  and  must  exert  a  corre- 
>ndingly  greater  heating  effect.  In  fact,  Pechuel-Losche  at  Chinchosho 
nd  the  soil  heated  very  often  to  75°,  frequently  to  80°,  and  once 
n  to  82°  C.     Haberlandt,  on  the  other  hand,  at   Buitenzorg  during  the 

season  observed  with  a  solar  radiation-thermometer  temperatures  merely 
:  those  usual  at  Gratz,  namely  55°-56-7°  C.  at  noon.  The  relatively  slight 
■ct  of  insolation  in  this  case  is  apparently  a  consequence  of  the  large 

ntity  of  water-vapour  in  the  air.  In  continental  districts  much  higher 
iperatures  prevail,  at  least  during  the  dry  season.  The  cooling  of 
etation  by  nocturnal  radiation  is  certainly  considerable  during  the  dry 

Hann,  op.  cit.,  Bd.  H,  p.  12. 

Considering  the  danger  of  sunstroke  in  Cisgangetic  India  and  other  tropical  conti- 

al  districts. 
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season  in  tropical  continental  districts,  and  must  be  of  considerable  im 
portance  in  relation  to  geographical  botany ;  it  is  well  known  that  ii 
Bengal  thin  sheets  of  water  freeze  during  the  night  in  the  dry  season 
In  districts  on  the  coast,  in  the  forest,  and  on  the  hills  the  cooling  inducec 
at  night-time  by  radiation  is  much  less,  thanks  to  the  large  amount  o 
water-vapour  in  the  air,  although  physiologically  it  is  by  no  means  in 
significant. 

The  following  table  gives  a  summary  of  mean  temperatures  in  paralle 
belts  of  the  tropical  zone  :  — 

MEAN    TEMPERATURE    IN    PARALLEL   BELTS    OF  THE    TROPICAL 

ZONE'  (after  Spitaler). 


Latitude 


Xorth. 


25° 


15" 


South. 


15" 


25° 


January 


1 8-4 


217 


23-9 


257      26-2      26-2 


26-1 


25.9 


257 


25-2 


24.7 


July 


28-0 


28-1 


27-9 


267      26-1      25-5 


24-9 


24-0 


22-6 


20-5 


I8-I 


Year 


237 


257 


26-3 


26-4      26-1       25-9 


25-5 


25-0 


24-2 


227 


209 


iii.    LIGHT  AND    THE    ULTRA-VIOLET  RAYS. 

The  intensity  of  the  rays  of  light,  like  that  of  the  heat-rays,  is  naturall 
greater  within  than  beyond  the  tropics,  and  the  tropical  daylight 
brighter  than  that  of  the  temperate  or  polar  zones.  This  feature  ma 
be  directly  observed  in  the  clearer  reflection  from  the  surface  of  wati 
and  also  from  that  of  foliage  when  wet  with  rain,  and  it  is  \&xy  noticeab 
in  photographs  taken  in  the  tropics.  True  as  this  is  of  the  luminous  ray 
it  is  equally  true  of  the  chemically  effective  ultra-violet  part  of  tl 
spectrum. 

In  the  tropical  districts  of  America  and  of  the  Asiatic  islands  that  I  know,  t 
intensity  of  light  is  however  not  so  strong  as  in  East  Africa,  regarding  the  conditio 
of  light  of  which  P.  Reichard  writes  as  follows  :  '  In  the  natural  features  around  i 
the  dazzling  brightness  of  the  air  is  most  striking.  The  more  vertical  tropical  si 
produces  a  much  brighter  light  than  in  Europe.  At  first  the  eyes  can  barely  endu 
the  glare,  so  that  one  is  obliged  to  wear  blue  spectacles  and  to  draw  one's  1 
down  over  one's  eyes-.' 

There  are  no  direct  comparative  observations  regarding  the  intensi 
of  luminous  radiation  for  different  latitudes,  but  some  observations  ha 
been  made  regarding  the  chemical  rays.  Thus  simultaneous  observ 
tions  at  Kew  and  at  Para  in  Brazil  on  three' April  days  of  the  year  iH. 
showed  an  intensity  of  chemical  action  nearly  twenty  times  greater  at  Pa 
than  at  Kew  ;   even  in  August  it  was  3-3  times  greater  at  Para. 

^  Hann,  op.  cit.,  Bd.  II,  p.  17. 

-  Deutsche  Rundschau,  Oct.  1894.     Quoted  by  Hann,  op.  cit.,  I!d.  II,  p.  40. 
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2.  SOME  GENERAL  EFFECTS  OF  THE  TROPICAL  CLIMATE 

ON    PLANT-LIFE. 

i.    P/UKESSES    THAT  ARE   CHIEFLY  IXFLUENCED  BY  HEAT. 

It  appears  from  the  foregoing  that  the  tropical  climate  differs  from  that 
of  higher  latitudes  chiefly  in  its  uniform  and  high  temperature,  and  in  the 
greater  activity  of  the  rays  of  heat  and  of  light.  The  atmospheric  pre- 
cipitations exhibit  neither  in  intensity,  nor  in  their  sequence  in  time,  any 
essential  difference  as  compared  with  the  temperate  zone,  where  at  certain 
stations  as  great  a  rainfall  occurs  as  at  the  rainiest  points  in  the  tropics, 
and  where  extensive  districts  exhibit  a  similar  alternation  of  dry  and 
rainy  seasons.  That,  notwithstanding  this,  precipitations  have  still  greater 
influence  on  the  oecology  of  tropical  plants  than  on  temperate  ones 
and  evoke  in  them  a  series  of  characteristic  peculiarities,  is  partly  caused 
by  the  combination  of  greater  heat  with  greater  humidity,  and  partly 
by  the  fluctuation  of  the  humidity  in  contrast  with  the  steadiness  of 
the  heat. 

Owing  to  the  great  uniformity  and  considerable  height  of  the  tempera- 
ture in  the  tropics,  much  smaller  differences  in  the  harmonic  optima,  and 
consequently  a  much  greater  uniformity  in  the  curve  of  temperature  showing 
the  oecological  optimum  ',  are  to  be  expected,  than  in  higher  latitudes. 
More  precise  data  on  this  matter  are  not  at  present  available,  since  the 
physiological  cardinal  points  as  well  as  the  oecologically  most  favourable 
degrees  of  temperature  have  as  yet  been  determined  only  for  temperate 
plants,  in  which,  corresponding  to  the  natural  conditions,  they  lie  far  apart. 
We  can  therefore  say  no  more  upon  this  subject,  for  it  is  inadmissible 
o  draw  conclusions  regarding  the  cardinal  points  of  vegetation  in  the 
opics  merely  from  the  extreme  temperatures  of  the  air,  since  the  nocturnal 
:ooling  due  to  radiation,  which  in  the  dry  season  considerably  exceeds 
hat  of  the  air,  as  well  as  the  strong  heating  by  direct  insolation,  must 
play  an  all-important  part  in  many  physiological  processes. 

Growth. 

Among  the  physiological  processes  with  a  high  optimum  of  temperature, 
growth,  at  any  rate  after  the  period  of  germination,  takes  a  prominent 
)lace.  It  would  be  instructive  to  institute  comparisons  between  plants 
)f  one  and  the  same  species  in  the  tropics  and  in  temperate  zones, 
inder  external  conditions  otherwise  as  similar  as  possible.  L'p  to  the 
present  only  \-ery  few  observations  regarding  the  rate  of  growth  of 
ropical  plants  arc  available,  and   from  these  only  one  conclusion  can  be 

^  See  p.  44. 
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drawn,  namely,  that   certain  tropical  plants  exceed    all   known  temperate 
plants  in  rapidit\-  of  growth. 


Fig.  113.  Dendrocalamus  giganteiis  in  the  botanic  gatdcn  at  Peradeniya  in  Ceylon. 
From  a  pliotograpli. 

Certain  bamboos  must  be  numbered  among  the  representatives  of  tin 
vegetable  kingdom  that  grow  most  rapidl}-.  Wallich  mentions  tha, 
a  shoot  of  Bambusa   arundinacea   increased   in    length    about    7    meter! 
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<5  centimeters  in  31  days.  But  more  precise  observations  regarding 
;his  point  have  only  quite  recently  been  made  by  Kraus  on  a  species  of 
Dendrocalamus  (Fig.  X13)  in  the  botanic  garden  at  Buitenzorg.  The 
bllowing  tables  give  some  of  his  results  : — 


GROWTH    IN    LENGTH    OF    DENDROCALAMUS    AT    BUITENZORG 
DURING    FIVE    DAYS. 


Length 
in  cm. 

Growth  by  day 
and  night. 

Forenoon  and 
afternoon. 

December  4 

6  a.m. 

164 

■  Day,  10-5  cm. 
r  Night,  16  cm. 

Day,  5  cm. 

Night,  15  cm. 
-  Day,  8  cm. 

Night,  16  cm. 
L  Day,  8-5  cm. 

■  Forenoon,  7-5  cm. 
Afternoon,  3-0  cm. 

I  Forenoon,  1-5  cm. 

-  Afternoon,  3  cm. 

Forenoon,  5  cm. 
1-  Afternoon,  3  cm. 

-  Forenoon,  4-5  cm. 

1    .  - 

12    ,, 

I7I-5 

6  p.m. 

174-5 

December  5 

6  a.m. 

190-5 

12    „ 

192 

6  p.m. 

195 

December  6 

6  a.m. 

210 

12    „ 

215 

6  p.m. 

218 

December  7 

6  a.m. 

234-0 

12    „ 

238-5 

6  p.m. 

242-5 

r  .\lternoon,  4  cm. 

)       -                         :  ' 

December  8 

6  a.m. 

255 

r  Day,  13  cm. 

'r  Forenoon,  6  cm. 
-  Afternoon,  6  cm. 

12    „ 

261 

6  p.m. 

267 

GROWTH   IN   LENGTH   PER  HOUR  DURING  DAY  AND   NIGHT   OF 
DENDROCALAMUS  AT  BUITENZORG. 

Amount  in  millimeters. 
Shoot  II. 


Day 
Night      . 

Dec.  4. 

15-4 
12-4 

Dec.  5.        Dec.  6. 

6-6              8-4 

13-0             16-6 

Shoot  HI. 

Dec.  7. 
2-9 
12-1 

Dec.  8. 
9-2 
17-5 

Dec.  9 

6-3 

13-8 

Day 
Night      . 

8-8 
13-3 

3-8              6-6 
12-5             13-3 

7-1 
10-2 

lo-o 

II-O 

104 
10-4 

The  increment  per  hour  was  therefore  on  the  average  7-7  milhrneters  by  day  and 
3  millimeters  by  night. 
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The  average  daily  increment  during  two  montlis'  observations  was — 
Culm  No.  I,  in  58  days,  22-9  cm.  per  diem. 

„       ,,     2,  „  60     „  19-0  „ 

„       ,,     3.  >.  60     „  19-9   „ 

The  greatest  increment  in  twenty-four  hours  was— 

Culm  Xo.  I,  57  cm.  on  22nd  December. 

„       „      2,  42   „  „  3rd  Januarj'. 

„       ..     3.  45  „  ..  4th 

Very  quick-growing  plants  are  not  at  all  rare  in  the  tropics,  at  any  rate 
in  rainy  districts.  I  have  made  some  measurements,  at  the  Buitenzorg 
botanic  garden,  on  young  shoots  and  leaves  of  woody  plants  whicl 
appeared  to  be  growing  very  rapidly : — 

On  the  15th  November  I  measured  a  still  folded  leaf  of  Aniherstia  nobilis  anc 
found,  rachis  6  cm.,  a  leaflet  2-9  cm.  On  the  24th  Nov.  the  same  rachis  and  leafle 
measured  31  cm.  and  19-5  cm.,  showing  an  increased  length  of  5-  and  7-fold  respec 
tivelj^  in  9  dajs,  or  a  dailj'  increment  of  4-1  cm.  and  i-S  cm.  respectivelj'.  Of  a  some 
what  older  leaf  of  the  same  shoot  the  corresponding  measurements  on  the  15th  Nov 
were  lo-S  cm.  and  3-5  cm.,  on  the  24th  Nov.  36  cm.  and  197  cm.  In  Brownea  sp. 
the  length  of  a  bud  just  opening  on  the  15th  Nov.  was  8  cm. ;  on  the  20th  Nov.  th' 
young  shoot,  the  leaves  of  which  had  not  j-et  unrolled,  was  i8-5  cm.  long;  on  thi 
24th  Nov.  with  the  leaves  opened  quite  flat,  the  measurement  was  29  cm.  to  the  extrem 
leaf-tip.  The  total  length  had  therefore  increased  more  than  3i-fold  in  9  daj's,  in  fac 
by  21  cm.,  and  this  gives  a  dailj^  increment  of  2-6  cm.  Other  measurements  of  th 
developing  young  shoots  of  Urostigma  glabellum  will  be  given  subsequenth'  i 
connexion  with  the  leaf-fall  of  trees. 

Haberlandt  mentions  several  instances  of  rapid  growth  in  Java  : — 

'In  1874,  at  Willem  Ill's  school  in  Batavia,  a  plant  of  Eucalj'ptus  alba,  indigenou 
in  Timor,  was  planted  ;  after  three  years'  growth  it  was  alreadj-  a  tree,  15  meters  i 
height.  In  a  plantation  at  Tjikomoh,  near  Buitenzorg,  two-year-old  mahogan}'  plant 
are  4^  meters  high,  and  three-year-old  plants  of  Swietenia  macrophylla  5-6  metei 
high.  Albizzia  moluccana— that  admired  shade-tree,  the  delicate  pinnate  foliage 
which  does  not  give  one  any  impression  of  abundant  vigour  and  activity— grows  wit 
fabulous  rapidit}-.  Fine  j-earling  plants  actuallj'  attain  a  height  of  5-6  meters,  si: 
j'ear-old  plants  are  already  25  meters  high,  with  stems  measuring  20-25  centimetei 
in  diameter  at  the  height  of  a  man  \' 

In  Honolulu  Maxwell  -  undertook  some  investigations  on  the  growth  ( 
banana  leaves.     The  averages  of  his  results  he  tabulates  as  follows : — 

'  Haberlandt,  op.  cit.,  p.  115.  •  .Maxwell,  op.  cit.,  p.  I. 
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TABLE  OF  AVER.AGES  OF  GROWTH  OF  BANANA  LEAF  (after  Maxwell). 


a 

a 

t 

rt 

1 

0 

r! 

rt 
0 

CJ 

u 

n  growth  i 
length 
ay  period 

a  growth  i 
length 
ght  perioc 

n  growth  i 
length 
and  night 

n  growth  i 
surface 
and  night. 

a 

P5 

72 

rt      -^ 
1      -S 

Mea 
in  ni 

1       " 

s 

Inch. 

Inch. 

Sq. inch. 

Inch. 

Inch. 

Inch. 

Sq.  inch. 

Fahr. 

I. 

29^ 

14 

413 

— 

— 

4l 

59 

72-5' 

n. 

35* 

14 

497 

— 

— 

4* 

62 

72" 

in. 

43 

15 

64s 

3 

Ij 

4^ 

64-5 

70" 

IV. 

47I 

17 

S03 

2* 

li 

3* 

66-9 

717° 

The  'length  of  leaf  given  is  the  total  length  of  the  mature  leaf,  less  its  length  at  the 
time  of  first  measurement.  Day  period  :  7.30  a.m.  to  5.30  p.m.  Night  period  :  5.30  p.m. 
to  7.30  a.m.     Date  :  26th  January  to  9th  March. 

Very  rapid  longitudinal  growth  appears  to  characterize  the  frequently 
enormously  long  absorbing  roots  of  certain  lianes  and  epiphytes.     Went 


Fig.  114.  Tacniopliyllum  Zollingeri,  Rchb.  f.     Natural  !.i/e.     Alter  \Viesner. 

found  a  total  increment  of  44  millimeters  in  48  hours  in  those  of  Philo- 
dendron  melanochrj-sum. 

The  above  high  values  for  the  growth  in  length  of  stems,  leaves,  and 
roots  must  by  no  means  be  converted  into  a  generalization  that  growth 
in  length  in  the  tropics  considerably  exceeds  that  in  temperate  zones. 
These  statistics  relate  exclusively  to  plants  in  which  growth  is  con- 
spicuously rapid,  and  which  for  that  reason  induced  closer  investigation. 
That  extremely  slow-growing  plants  are  not  wanting,  even  in  raiu)^  tropical 
districts,  has  been  shown  by  Wiesner  in  the  case  of  Taeniophyllum 
Zollingeri,  a  leafless  epiphytic  orchid  (Fig.  114),  consisting  almost  ex- 
clusively of  green  aerial   roots. 
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The  figures  observed  in  reference  to  the  growth  of  several  plants  of 
Taeniophyllum,  in  their  native  habitats,  are  given  in  the  following  table, 
which  also  includes  data  regarding  the  photic  ration  which  is  an  im- 
portant factor. 

GROWTH  IN   LENGTH  OF  ROOTS  OF  TAENIOPHYLLUM  ZOLLINGERI 

(after  Wiesner). 


Growth. 

Giowlh. 

Photic  ration. 

In  29  days,  2-37  mm. 

In  24  hours,  0-0817  mm. 

A 

„   29     „       3'47    „ 

0.1172     „ 

A 

»   30     „       S-5S    „ 

„             0-2830     „ 

J 

,,31     „       6.8o    „ 

0-2266      „ 

0 

„   31      ..       2-50    „ 

„             G-0S06     „ 

1 

4 

Compared  with  the  greatest  diurnal  increment  of  a  bamboo-culm  as 
given  by  G.  Kraus  the  greatest  increment  of  Taeniophyllum  is  as  5/0: 
0-283  mm.  or  2013  :  i.  Hence  the  culm  of  bamboo  observed  by  Kraus 
grew  in  round  numbers  2,000  times  more  rapidh'  than  the  aerial  roots  of 
Taeniophyllum  Zollingeri. 

Transpiration. 

The  great  physiological  importance  of  the  heating  of  plants  by  insola- 
tion and  the  part  played  in  this  matter  by  transpiration  are  very  easily 
observed,  and  have  quite  recently  formed  the  subject  of  closer  investigation. 
The  actioti  of  insolation  is  stronger  zvhen  the  air  contains  much  xvatcr-vapour 
than  when  it  contains  little,  because  dryness  of  the  air  causes  the  stomata 
to  close.  The  effect  of  insolation  is  consequently  most  strikingly  observed 
in  moist  districts. 

Every  visitor  to  the  botanic  garden  at  Buitenzorg  knows  that  manji 
plants,  during  the  later  hours  of  the  generally  sunny  forenoon,  usually 
exhibit  clear  signs  of  incipient  wilting ;  this  continues  to  increase  rapidl) 
until  the  occurrence  of  the  afternoon  shower  of  rain,  by  which  time  manj 
leaves  hang  down  quite  in  a  drooping  condition,  although  they  are  no| 
unprovided  with  protective  contrivances  against  transpiration  ^  During 
my  visit  to  Buitenzorg  in  the  midst  of  the  rainy  season,  fourteen  rainles: 
sultry  days  passed  in  succession,  and  the  vegetation  presented  a  parchet 
appearance  such  as  would  hardly  have  arisen  in  Europe  after  a  perioc 
three  times  that  length  ;  the  crops  were  endangered  and  the  populatioi 
sought  by  appropriate  weeping-ceremonies  to  invoke  the  favour  of  thi 
Rain-god.  The  air  remained  very  moist  throughout  this  dry  period,  and 
in  a  less  sunny  climate,  the  rich  nightly  formation  of  dew  would  not  havij 
been  so  ineffective. 

•  See  p.  iS. 
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Wiesncr  has  numerically  determined  the  effects  of  direct  sunlight  on  the 
transpiration  of  rice  plants  at  Buitenzorg  '  : — 

EFFECT  OF  DIRECT  INSOLATION    ON   TRANSPIRATION. 
Rice  Plant  A. 


oursofexperimLnt, 
n.in. 

Temperature. 

Relative 
humidity. 

Illiimiiintiftn  *. 

Transpiration 
jier  hour. 

6.50—   7.50 

22-0— 22-5° 

95—96 

diffuse 

0.81  gram. 

7.50^  g.17 

22.5-23.8° 

89—95 

j  70  minutes  diffuse 
1  17  minutes  S|| — S., 

2.32  grams. 

7.20—10.10 

25.0-25.2" 

82-94 

So-S., 

7-45      ., 

lo.ii  — 10.19 

25.2-28.5° 

73-72 

S3-S, 

10-57      „ 

Relative 
hnmidity. 

Illumination. 

Transpiration 
per  hour. 

82 

sun 

15.35  grams 

70 

diffuse 

009        „ 

? 

sun 

8.91         ,. 

74 

diffuse 

2-85        „ 

*  S„  sun  completely  hidden  ;  Sj  sun  visible  in  the  sky,  only  as  a  bright  vision  ;  S,  sun 
visible  as  a  bright  disk  ;  .S ,  sun  covered  only  by  a  light  haze  or  a  delicate  veil  of  cloud  ; 
S,  sun  completely  exposed. 

Rice  Pl.\nt  B. 

Hours  of  experiment.        Temperature. 
8.43—  9.00  26.2° 

9     —  9-15  27° 

9.18—  9.34  27.2° 

9.39— 10.10  27° 

A  series  of  observations  on  a  sunn\-  morning  with  a  \'oung  (red)  and 
in  old  (green)  leaf  of  .Amherstia  nobilis — the  specimens  stood  with  their 
italks  in  water — gave  the  following  amount  of  transpiration  in  grams 
)er  100  grams  of  living  weight; — 

■:FFECT  of  direct  INS0L.A.TI0N  on  TRANSPIR.JlTION  OF  AMHERSTIA 

NOBILIS. 

Amount  of  transpiration  in  grains  per  loo  grams  of  living  weight. 

Red  leaf.  Green  leaf. 

Under  covered  veranda .         .         .         .         1.22  i.oo 

Free  exposure,  Sj, 1.88  2-56 

S., 2-40  5.33 

S, 3-11  8-44 

The  following  observations  of  Wiesner  show  how  great  transpiration  can  be  at 
iuitenzorg.  He  placed  several  herbaceous  plants  (Coleus,  Adiantuni.  Jatropha, 
liniosa  pudica)  in  pots,  and  imbedded  them  in  the  ground  in  a  part  of  the  garden 
illy  e.xposed  to  the  rain.  For  several  days  the  plants  received  rain  daily — sometimes 
ery  heavy  rain.  '  On  December  29  there  was  absolutely  no  rain  ;  the  forenoon  was 
unny,  and  at  noon  the  sun  was  quite  uncovered.  On  this  day  all  the  specimens — 
ley  were  not  watered  on  the  day  in  question  — died  of  desiccation.' 

Giltay  made  comparative  observations  on  the  amount  of  transpiration  of  Helianthus 
iberosus  at  Buitenzorg  and  at  Wageningen  in  Holland.     They  showed  that  the 

'  Recorded  by  Burgerstein,  op.  cit. 
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daily  loss  of  water  was  the  same  in  both  cases,  namely  on  the  average  o-6  gram 
per  hour,  but  even  in  this  case  transpiration  during  the  hot  midday  hours  appears  to 
have  been  much  stronger  in  Buitenzorg  than  in  Holland. 

Experiments  made  by  G.  Haberlandt  at  Buitenzorg  in  Januar}',  which 
i.s  the  middle  of  the  rainy  season,  and  at  Gratz  during  the  hot  days  of 
August,  showed  that  transpiration  in  the  shade  in  a  moist  tropical  climate 
is  much  weaker  than  in  Central  Europe : — 

The  humidity  of  the  air  fluctuated  at  the  time  when  Haberlandt  made  his  experi- 
ments (December,  January),  between  70-97  %.  '  The  minimum  (70-80  %)  occurred  at 
about  midday,  but  frequently  not  till  i  p.m.  Then  the  humidity  increased  rapidly 
as  the  rain  began,  and  even  by  3  or  4  p.m.  attained  90-95  %.  Omitting  slight 
fluctuations,  which  seldom  exceeded  5%,  the  curve  in  its  tj'pical  course  remained 
from  the  evening  till  about  7  a.m.  at  93-97  %,  and  then  gradually  sank  again  tilll 
noon  ^.'  The  temperature  during  the  period  of  observation  showed  a  diurnal  variation! 
of  6-8°  C. 

'The  diurnal  curve  of  temperature,  as  a  rule,  showed  the  following  course:— 
Between  6  and  7  a.m.  the  temperature  was  lowest.  The  minimum  varied,  omitting' 
extreme  cases,  between  2  r  and  23°  C.  During  the  forenoon  the  temperature  at  first 
rose  rapidly,  then  somewhat  more  slowly  up  to  29-30-5°  C.  This  maximum  was 
rarely  attained  by  midday,  usually  not  till  between  i  and  2  p.m.  Then  the  tempera- 
ture fell  to  23-25°,  sometimes  more  rapidly,  at  others  more  slowly,  according  to  the 
cloudiness,  or  amount  and  duration  of  the  rainfall  in  the  afternoon.' 


AMOUNT    OF    TRANSPIR.A.TION     OF    LEAVES    IN 
AND    IN    GRATZ   (after  G.  Haberlandt  2). 


BUITENZORG 


(In  grams  per  diem  and  over  one  square  decimeter  of  surface.' 
I.  Buitenzorg. 


Conocephalus  ovatus     . 
Musa  Ensete 
Gonocaryum  pyriforme 
Daemonorops  oblongus 
Xanthophyllum  vitellinum 
Carica  Papaya 
Pterocarpus  saxatilis 
Cocos  nucifera 
Grammatophyllum  speciosum 
Bactris  speciosa    . 
Theobroma  Cacao 
Albizzia  moluccana 
Ficus  elastica 
Sanchezia  nobilis  . 
Loranthus  pentandrus    . 
Phoeni.x  sp.    . 
Acalypha  tricolor 

^  Haberlandt,  I,  p.  6. 


0-29 
0-4S 
0-45 
0.47 
0-58 
0-62 
071 
0-89 
0-89 
I -00 
I -06 
1-19 

1-52 

1.56 
1-86 

2-6o 


II,  p.  807. 
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II.    GUATZ. 

Acsculiis  Hippocastanum 1-37 

Syriiiija  vulgaris 2-03 

Acer  I'seudoplatanus     .......  2-03 

Corylus  Avelkina .  3-33 

Cornus  sanguinea 4-09 

Pyrus  communis    ........  5-97 

III.  After  N.  J.  C.  Mullek. 

Poplar  ..........  2'42 

Oak 2-89 

Beech    ..........  3-50 

I'.irch 3-65 

Willow 4-22 

Hornbeam 4-36 

Alder 7-96 

ii.   PHYSIOLOGICAL  ACTION  OF   TROPICAL   LIGHT  OiY  PLANTS. 

From  our  knowledge  of  the  effects  of  light  on  growth  and  transpiration, 
we  maj'  .safely  assume  that  the  light  of  the  tropics,  in  accordance  with  its 
greater  intensity,  influences  these  processes  still  more  strongly  than  does 
the  weaker  light  of  higher  latitudes.  In  fact  the  growth  in  length  of  a 
bamboo  is  quite  strikingly  less  during  the  hours  of  the  day  than  during  those 
of  the  night ;  the  growth  in  length  of  the  aerial  roots  of  Taeniophyllum 
Zoliingeri  stops  altogether  in  daylight  of  relatively  very  moderate  intensity, 
even  in  a  very  weak  light ;  and  the  comparatively  strong  transpiration, 
which  causes  the  flaccid  drooping  of  the  foliage  of  many  tropical  plants 
during  the  brightest  hours  of  daylight,  may  be  considered  partly  as  an 
effect,  even  if  indirect,  of  the  rays  of  light. 

The  share  that  light  takes  in  the  above-mentioned  functions  has  not 
yet  been  numerically  determined.  However  a  glimpse  into  the  different 
specific  actions  of  light  has  been  aft'orded,  in  particular  by  Wiesner's 
observations  at  Buitenzorg. 

The  lie  in  niatiou  to  light  of  the  lea\'es  of  tropical  plants,  according 
to  Wiesner's  observations,  differs  in  general  from  that  of  the  leaves  of 
temperate  plants,  since  they  do  not,  like  them,  universally  strive  to  attain 
a  position  perpendicular  to  the  strongest  diffuse  light,  but  exhibit  this 
disposition  only  in  the  inner,  poorly  lighted  part  of  the  crown  ;  at  the 
periphery  of  the  tree,  however,  they  give  up  this  disposition  in  the  face 
of  rays  of  high  incidence,  and  the  lie  of  the  leaves  is  there  determined 
by  direct  sunlight. 

Owing  to  this  lie  of  the  leaves  when  they  are  exposed  to  the  direct 
rays  of  the  sun,  not  only  are  strong  heating  and  consequent  excessive 
transpiration  prevented,  but  at  the  same  time  the  dcstritction  of  the 
chlorophyll  by  intense  light  is  obviated.     Several  characteristics  of  tropical 
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foliage  appear  to  have  been  acquired  with  the  special  object  of  saving 
the  chlorophyll,  or  at  any  rate  they  subserve  that  end  ;  among  them  are 
movements  of  the  leaflets  .of  pinnate  leaves,  strong  reflection  of  light  by 
the  foliar  surfaces,  prolonged  retention  of  a  non-turgid  condition  and 
the  consequent  flaccid  drooping  of  young  leaves,  foldings,  tomentum,  and 
so  forth  \  In  spite  of  all  such  protective  devices,  the  destruction  of 
chlorophyll  by  the  intense  tropical  light  is  a  very  conspicuous  and  wide 
spread  phenomenon.  Thus  the  leaves  of  Pisonia  alba,  which  is  frequently 
grown  as  an  ornamental  tree,  are  vertical  and  sap-green  when  young ; 
later  on  they  arrange  themselves  at  right  angles  to  the  direction  of  the 
most  intense  daylight,  and  suffer  such  a  complete  destruction  of  their, 
chlorophyll  as  to  become  almost  pure  white-.  In  sunny  situations  within 
the  tropics  yellowish  discolorations  of  the  foliage  are  very  common. 

The  greater  intensit)'  of  tropical  light  also  renders  possible  a  niort 
luxuriant  dcvclopvicnt  of  the  shade-flora  than  in  higher  latitudes.  At 
the  same  time,  the  property  plants  possess  of  demanding  less  light  a1 
higher  temperatures  also  operates  in  the  same  direction.  Wiesner  has 
actually  seen  tropical  plants  thriving  under  such  a  feeble  illuminatior 
as  with  us  would  entirely  exclude  all  green  vegetation.  It  would  b 
extremely  useful  to  investigate  more  closely  the  vegetation  in  the  shadi 
of  a  virgin  forest  from  Wiesners  points  of  view  and  in  accordance  witlj 
his  methods.  i 

Thus,  Wiesner  found  a  Javanese  grass,  Orthopogon  Wiesneri,  Schiffner,  growin. 
in  patches  in  the  shade  of  Myristica  moschata  with  L  =  yj^j  (I  maximum =o-oi6)' 
but  not  anywhere  in  the  shade  of  the  densest  palm-thickets,  where  L  =  ^^ 
(I  maximum=o.oii,  I  mean=o.oo3).  Of  all  herbaceous  non-epiphytic  Dicotyledone 
Wiesner  found  Geophila  reniformis,  Don.,  penetrating  most  deeply  into  the  shad( 
It  conthiues  to  blossom  with  L  =  ^^  (I  maximum =o-026  ;  I  mean  =  o-oii).  Withoi 
flowering,  it  bears  almost  as  great  a  deprivation  of  light  as  Orthopogon  Wiesneri. 

The  intensity  of  insolation  in  the  tropics  is  so  great  that  manj'  cultivated  plant 
including  coffee  and  cocoa,  at  least  when  young,  require  shade.  For  this  purpo^ 
trees  with  a  thin  crown  are  used,  especially  those  with  pinnate  leaves,  lor  instam 
Albizzia  moluccana,  Miq.,  also  Cedrela  serrulata,  Miq.,  Cedrela  odorata,  Linrj 
Pithecolobium  Saman,  Benth.,  in  Java.  In  tropical  America  species  of  Erythrit 
are  usually  employed  for  the  same  purpose.  Probably,  it  is  less  a  question  of  kee 
ing  off  the  luminous  and  chemical  rays  than  the  heat-raj's,  which  would  cause  t( 
great  heating  and  consequently  too  great  transpiration. 

Wiesner  made  some  measurements  of  the  intensity  of  light  under  the  shading; 
trees  in  the  experimental  garden  at  Tjikomoh  near  Buitenzorg,  and  he  found  : 

Albizzia  moluccana,  Miq.       .         .        .     '   .         .         .         ^^1^ 

Cedrela  senulata,  Miq. ^ 

Cedrela  odorata,  Linn. jtj- 


Pithecolobiimi  Saman,  Benth. 


1 


'  See  Wiesner,  Johow,  Haberlandt.  -  Wiesner.  '   See  p.  55. 


HAP.  I]     CHARACTERS  OF  THE  TROPICAL  CLIMATE        225 

iii.    PHYSIOLOGICAL   ACTION  OF  ATMOSPHERIC  PRECIPITATIONS 

ON  PLANTS. 

The  differences  in  the  oecology  of  tropicil  plants  arc  in  the  first  place 
jsociatcd  with  differences  in  the  atmospheric  precii)itations.  These 
one,  usually  without  anw  even  indirect,  co-operation  on  the  part  of  the 
■mperature,  cause  the  domination  of  woodland  or  of  grassland,  the 
ygrophilous,  tropophilous,  or  xerophilous  character  of  the  vegetation, 
id  the  periodic  phenomena.  Accordingly,  the  differences  in  the  climatic 
iimidit)'  also  determine  the  range  of  species  within  the  tropics. 
A  separate  chapter  is  devoted  to  the  various  tN^pes  of  tropical  wood- 
nd  and  grassland  arising  from  differences  in  the  atmospheric  precipita- 
ons,  and  to  the  climatic  conditions  determining  their  presence,  and  also 
)  the  periodic  phenomena. 

Reference  may  here  be  made  to  Wiesner's  investigations  regarding  the  ombrophily 
id  ombrophoby  of  tropical  vegetation,  for  they  are  as  yet  too  incomplete  to  be 
rviceable  in  characterizing  the  several  climatic  districts.  According  to  Wiesner, 
e  great  majority  of  plants  in  the  moist  hot  western  parts  of  Java  possess  markedly 
nbrophilous  foliage,  and  this  condition  may  probably  extend  to  the  vegetation  in 
constantly  moist  tropical  climate.  On  the  other  hand,  in  those  parts  of  the  torrid 
ne  where  long  rainless  periods  regularly  prevail,  the  condition  of  affairs  may  be 
anged  in  favour  of  ombrophobous  species.  Investigations  on  this  subject  have  not 
en  conducted,  but  the  frequency  in  such  districts  of  succulent  species  and  other 
ants  with  unwettable  coatings  favours  this  opinion. 

Nevertheless,  many  decidedly  ombrophobous  plants  thrive  in  a  constantly  moist 
mate;  thus  Wiesner  rightly  draws  attention  to  the  fine  growth  of  various  species 
Opuntia  and  Cereus  in  the  botanic  garden  at  Bnitenzorg.  These  plants  are,  bow- 
er, confined  to  very  open  sunny  situations,  where  strongly  ombrophilous  plants 
Hild  suffer  from  too  great  transpiration.  On  the  other  hand,  the  feeble  growth 
West  Java  and  other  very  moist  tropical  districts  of  many  plants  from  a  drier 
mate  is  to  be  attributed  to  ombrophoby.  This  has  been  proved  by  Wiesner 
rticularly  in  regard  to  roses,  which  nearly  always  assume  a  very  stunted  form 
tropical  gardens.  Their  foliage  is  weakly  developed  and  caducous,  their  corollas 
:  small  and  irregular.  The  different  kinds  of  roses  are,  however,  unequally 
ibrophobous,  and  consequently  display  different  degrees  of  deficiency,  or  may 
solutely  refuse  to  grow. 

To  the  indigenous  ombrophobous  plants  of  constantly  humid  districts  there  belong 
particular  those  with  delicate  pinnate  leaves,  which  by  their  movements  more 
less  effectively  evade  the  violence  of  the  rain,  such  as  Mimosaceae,  species  of 
;a!is,  and  the  like.  But  such  forms  are  scantily  represented  in  Java,  especially 
the  forest ;  their  abundance  is  characteristic  of  the  vegetation  of  drier  climates, 
n  accordance  with  its  ombrophily.  the  foliage  in  a  constantly  humid  climate  is  as 
ule  easily  wettable  ;  besides,  as  Wiesner  shows,  foliage  that  is  wetted  with  difficulty 
:omes  easily  wettable  when  exposed  to  continuous  humidity,  and  the  reverse  is 
'■  case.     Young  leaves  are  as  a  rule   unwettable  and  ombrophobous  ;    later  they 
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become  wettable  and  ombrophilous,  but  in  advanced  age  reassume  the  characters  ( 
their  youth.  Hence  after  heavy  rainfall  they  readily  die  and  fall  to  the  ground,  sine 
in  contrast  to  the  young  leaves,  they  are  not  protected  against  the  rain  by  their  lie. 
Many  trees  in  periodically  dry  districts  shed  their  leaves  even  during  the  rain 
season  ;  one  ma}'  see  in  this  an  effect  associated  with  the  increased  onibrophoby 
age.  On  the  other  hand,  I  have  met  with  the  statement  here  and  there  in  bool 
of  travel  that  certain  trees  or  even  entire  forests  become  leafless  at  the  height  of  tl 
rainy  season.  It  is  on  the  whole  very  probable  that  in  many  cases  in  nature,  n 
drought  but  great  humidity  may  be  the  cause  of  the  periodic  leaf-fall.  It  is  desirab 
that  in  continuation  of  Wiesner's  researches  the  cause  of  leaf-fall  in  the  tropics  m; 
be  more  closely  investigated. 

3.  THE  FLORISTIC  CHARACTER  OF  THE  TROPICAL  ZON: 

With  the  exception  of  some  border  districts,  usually  of  limited  are 
where  the  winter  temperature  regularly  descends  to  freezing-point,  t 
zones  enclosed  by  the  tropics  possess  a  pronounced  megathermic  flo 
which  in  places,  for  instance  in  Southern  Plorida  and  Southern  Bras 
extends  somewhat  beyond  the  tropics.  Yet  in  these  latter  extensic 
the  megathermic  flora  is  already  perceptibly  impoverished,  because  t 
annual  curve  of  temperature  no  longer  corresponds  to  the  oecologiil 
optimum  of  many  species.  In  particular,  the  temperature  necessary 
the  ripening  of  fruit  is  frequentlj'  not  maintained. 

The  following  summar)-  gives  the  general  characteristics  of  the   mesi 
thermic    floras,   as    it    enumerates    in    systematic    order    the    families   t!t 
occur  in   tropical   lowlands,  and    briefly  sketches  the    part    they  play  s 
regards  number  of  species  and  of  individuals.     Aquatic  plants  are  omittl, 
because  a  separate  chapter  is  devoted  to  them  ^ 

Thallophyta. 

Though  Algae  as  terrestrial  plants  are  of  merely  subordinate  importa 
in  the  tropics,  yet  their  significance,  at  least  in  rainy  districts,  is  alw 
greater  than  in  other  latitudes.  Many  species  live  as  epiphytes,  chi 
on  leaves.  The  Fungi  of  the  tropics  have  not  yet  been  satisfactoiy 
investigated.  Yet  it  seems  to  be  already  ascertained  that  the  lai-r 
orders  known  to  exist  in  Europe  are  all  represented.  In  other  resp'ts 
deep-seated  differences  are  not  wanting,  and  many  groups  that  in  Cenal 
Europe  are  very  prominent,  especially  among  the  Hymenomycetes,  re 
feebly  represented  in  the  torrid  zones. 

The  following  remarks  of  Alfred  Moller  regarding  the  fungal  vegetajjn 
of  the  forests  near  the  coast  of  South  Brazil  hold  good  for  all  tropal 
forests  that  I  know  : —  \ 

'On  wet  autumn  days  we  find  in  our  German  forests  far  more  fungi  that  strikdhe 
eye  of  an  observer  who  is  not  specially  looking  for  them,  and  that  e.\ercise  conS|:r- 

'  See  Sect.  V.  I 
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ible  influence  on  the  facies  of  the  forest,  than  we  ever  do  in  tlie  virgin  forests  of 
Brazil.  There,  nothing  is  to  be  found  comparable  with  the  gaily  coloured  clumps  of 
the  numerous  Ilymenomycetes  of  our  forest  soil.  The  first  impression  which  a  frcsh- 
.-omer  wandering  in  a  Brazilian  forest  must  receive,  is  that  apparently  very  few 
ungi  occur  there.  As  a  matter  of  fact  this  is  in  reality  not  the  case  ;  the  fungal  flora 
s  extremely  rich,  but  the  minute  forms  especially  appear  in  great  abundance,  and 
hese  are  seen  only  when  one  looks  carefullj'  for  tliem,  wiiile  the  larger  forms  for  the 
nost  part  onl}'  occur  here  and  there  '.' 

Among  Licliciics,  the  Ascolichenes,  at  any  rate  as  far  as  number  and  size 
)f  individuals  go,  play  a  much  smaller  part  than  with  us.  Large  tufted 
orms,  such  as  Usneae,  are  seen  only  on  high  mountains  and  therefore 
)utside  the  megathermic  climate.  Cora  Pavonia,  which  alone  forms  the 
lass  of  Hvmenolichcnes,  is  exclusively  tropical,  and  appears  to  be  cos- 
nopolitan  within  the  tropics.  It  is  found  in  its  various  forms  of  growth, 
)ut  chiefl}-  in  its  proper  Cora-form,  in  abundance  on  moist  soil  and  on  the 
ark  of  trees. 

Bryophyta. 

Among  Bryoph}'ta,  and  especially  among  Miisci,  megatherms  are  rare, 
nd  are  represented  for  the  most  part  by  small  inconspicuous  species  which 
ccur  scantily  in  cool  damp  situations,  and  arc  quite  unimportant  in  their 
tfect  on  the  general  facies  of  the  vegetation.  Much  more  richly  do  they 
ppear  in  the  cool  regions  of  tropical  mountains  -. 

Pteridophyta. 

Ferns  in  the  tropics  develop  an  extraordinary  wealth  of  form,  and  var}'  in 
heir  dimensions  from  small  moss-like  plants  to  trees.  Most  of  them  are 
ygrophilous  and  shade-lovers,  so  that  only  humid  forests  show  a  great 
ichness  in  ferns,  l^csides.  the  majority  of  them  are  not  decidedly  mega- 
hermic,  but  prefer  a  climate  that  is  mild,  even  if  it  be  as  uniform  as 
ossible,  so  that  the  greatest  development  of  ferns  in  numbers,  especiallj' 
f  their  arborescent  forms,  is  exhibited  less  in  the  lowlands  than  in  cooler 
lountain  landscapes. 

Three  orders  of  ferns  are  exclusively  tropical,  the  Gleicheniaceae, 
chizaeaceae,  and   Marattiaceae. 

The  Gleicheniaceae  are  repeatedl}'  branched  in  a  dichotomous  manner ; 
ley  present  a  very  unique  appearance,  and  in  contrast  with  most  of  their 
ropical  allies,  these  ferns  occupy  open  sunny  situations,  and  usually  are 
1  large  numbers  together.  This  last  statement  is  specially  true  of  the 
Imost  cosmopolitan  Glcichcnia  linearis  (Fig.  116).  which  is  common 
verywherc. 

The  Schizacaccac  (for  example  Aneimia,  a  xerophilous  genus  chiefly  in 

'  Alf.  Moller,  op.  cit.,  p.  154.  -  See  Sect.  IV. 
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the  interior  of  Brazil,  and   Lygodium,  species  of  which  are  twiners  in  raia 
forests)  and  the  Marattiaccac'' {'io\-  example  Angiopteris  evecta,  a  gigantic 
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tic.  115.  Pandaniis  sechellarum,  Balf.  f.     Seychelles.     From  a  photograph  by  A.  Brauer. 

herbaceous  form  with  a  round  subaerial  stem  as  large  as  a  man's  head,,i 
Eastern  Asia)  are  never  the  chief  members  of  any  formations.  I 
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Main!)-,  but  not  cxcliisivcl)-,  tropical  are  the  Cyatheaccac,  to  which  ahnost 
all  tree-ferns  belong  (species  of  C}-athea,  Dicksonia,  Alsophila),  and  the 
Ilyincnophyllaccac,  small,  frequently  moss-like  herbs  with  transparent 
foliage,  which  cover  stems  of  trees  and  rocks  in  moist,  shady  forests,  just 
as  mosses  do  with  us. 

The  great  mass  of  tropical  ferns  belongs  to  the  ovdev  Polypodiaccac,  which 
is  also  so  strongly  represented  in  Europe,  and  to  a  considerable  extent  by 
the  same  genera,  namely  Polj-podium,  Aspidium,  Asplcnium,  Pteris,  and 
50  on.     Onh-  a  few  rare  Pol\-podiaceae  are  tree-like. 


Fig.  116.  Forest  lanilscape  in  the  Seychelles.  In  the  foregronnd,  Gleichenia  linearis;  in  the 
ackground,  palms  (probably  Uoscheria  melanochaeies,  H.  \Vcndl.\  Pandanus,  and  other  plants, 
"rem  a  photograph  by  A.  Brauer. 

The  Lycopodiaccac  are  much  less  prominent  than  the  ferns,  but  neverthe- 
ess  of  greater  significance  than  in  temperate  floras.  Species  of  Selaginella 
ftcn  form  the  chief  covering  of  the  forest  soil ;  Lycopodium  cernuum  is 
:xtremely  common  in  well-lighted  spots  ;  other  species  of  Lycopodium  as 
veil  as  of  Psilotum  are  occasionally  common  epiph\-tes. 

The  Eqiiisctaccac  are  not  more  strongly  represented  than  in  the 
emperate  zones. 
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Gymnosperms  are  of  quite  subordinate  significance  in  the  megathermic 
flora.  Conifcrac  are  almost  entirely  absent ;  they  are  found  between  the 
tropics  wellnigh  onl}-  on  high  mountain  chains,  outside  the  tropical  climate 
Cycadeae  (Fig.  117)  are  a  highly  characteristic  feature  of  the  tropical  flora 
but  are  subordinate  as  regards  the  number  of  species  and  individuals.  Tht 
species  of  Gnetum    which    completely  agree   with   Dicotyledones  in  thai 


Fig.  117.  Dioon  edule.     Mexico.     CeiTO  Colorada,  south-east  from  Jabpa.     From  a  photogiap 

by  Stahl. 

vegetative  organs  are  also  a  subordinate  and  at  the  same  time  inconspicuoi 
element  in  the  flora. 

Monocotyledone^. 

Monocotyledones  supply  the  most  characteristic  features  of  the  tropic 
flora.  In  the  first  place,  this  is  true  of  the  Pahnac,  which  however  ov 
their  predominance,  in  tropical  landscapes  chiefly  at  any  rate,  to  cultivatio 
The  latter  statement  is  especially  true  of  the  coconut  palm.  Cocos  nucifei 
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the  groves  of  wliich,  fringing  most  tropical  coasts,  have  only  ^exceptionally 
originated  without  human  aid  (Figs.  ii<S  and  32(^).  In  the  cultivated  lands 
of  the  tropics  one  will  always  find  the  royal  palm,  Orcodoxa  regia.  the 
finest  of  its  race,  which  comes  from  the  Antilles  and  Southern  Florida 
(Fig.  119)-  The  avenues  of  Oreodoxa  regia  in  Rio  de  Janeiro  and  in 
Ceylon  are  renowned.  [Among  the  commonest  of  cultivated  palms  may 
also  be  reckoned  Arenga  saccharifera,  important  not  for  beauty  but  only  as 
an  economic  tree.  In  Eastern  Asia,  especially  in  the  Malay  peninsula,  one 
can  easily  recognize  from  a  distance  the  presence  of  human  settlements  by 


Fig.  hS.  Cocos  nucifera.     On  the  sea-shore  in  Seychelles.     From  a  photograph 

by  A.  Biauer. 

the  occurrence  of  the  betel-nut  palm,  Areca  Catechu  (Fig.  123).  The 
slender  but  tall  stem,  straight  as  an  arrow,  bears  a  small  crown  of  emerald- 
green  leaves.  Finally,  we  find  the  peculiar  Caryota  urens  chiefly  as  an 
ornamental  tree,  the  bipinnate  leaves  of  which  bear  triangular  leaflets,  and 
to  some  extent  remind  one  of  Adiantum.  A  great  number  of  other  palms 
are  also  cultivated  as  economic  or  ornamental  trees,  but  )-et  without  being 
so  generally  distributed  ;  for  instance  numerous  fan  palms,  the  sago  palms, 
Metrox3'lon  Rumphii,  Mart.,  and  M.  laeve.  Mart.,  the  ivory-nut  palm 
Phytelephas  macrocarpa.  and  so  on. 

In  natural  landscapes  the  species  of  palm  vary  greatly  according  to  the 
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different  districts,  frequently  in  such  a  way  tliat  one  of  the  tree-forms 
predominates  over  the  others  (see  Figs.  116  and  121).  Besides  tree-palms. 
lianes  like  Calamus  and  Desmoncus  are  rarely  absent  from  the  forest,  as 
well  as  short-stemmed  species,  like  the  species  of  Geonoma,  or  acaulous 
forms.  Palms  also  grow  scattered  over  savannahs,  for  example  species  of 
H)-phaene  and   Copernicia  tectorum  (Fig.  200).      Real   formations,  pahn- 


FlG.  \U).  Oreodoxa  regi.i.     Young  specimen  in  the  tropical  rain-forest  of  .Southern 
Florida.     From  Garden  and  Forest. 

t- 

grovcs,  appear  chiefly  on  swampy  or  frequently  inundated  ground  ;  the} 
are  formed  by  Mauritia  setigera  in  Trinidad,  by  other  species  of  Mauritij 
in  the  north  of  South  America,  by  Phoenix  sylvestris  in  Cisgangetii 
India  (Fig.  120),  by  Nipa  fruticans  in  the  Eastern  Asiatic  mangrove: 
(Figs.  326  and  227). 

Next  to  the  palms,  the  tree-like  Gramineac,  especially  species  of  Bambus: 
and  Dendrocalamus  (Fig.  113),  belong  to  the  most  characteristic  forms  0 
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tropical  landscapes  ;    but.  like  palms,  they  arc  not  altogether  wanting  in 
subtropical  zones,  and  in  Japan  reach  tlie  cool  temperate  zones.     Bamboos 


Fig.  120.   I'hoenix  sylvestris.     Forming  a  grove  on  swampy  ground  near  Bomb.iy. 
From  a  ]ihotograph  by  Deichmiiller. 


tlG.  121.  Lodoicea  Seychellarum.     (!  rowing  wild  on  the  island  of  Praslin,  Seychelles. 
From  a  photograph  by  A.  Brauer. 

ive  their  appearance  in  vast  numbers  over  the  greater  part  of  the  tropical 
5ne — Africa  is  poor  in  them — chiefly  to  cultivation.      The}-  are,  however, 
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also  frequently  found  wild.  The  largest  forms  grow  in  forests  scattered 
amonw  other  trees,  or  they  constitute  independent  forests  (Eig.  207); 
smaller  forms  are  common  as  underwood. 

Very  unique  and  occasionally  very  common  forms  of  the  megathermic 
flora  are  the  species  of  Pandauus  (Figs.   115,   116,   122,  212,  314),  which 
however    rarely  occur    in    great    numbers    together.      They   are    confined  > 
to  the  Old  World.     They  occur  chiefly  by  the  seaside,  but  also  in  forests ; 
only  rarely  do  they  form  pure  woods. 

The  Araceac,  owing  to  their  occurrence  in  great  numbers  and  to  the  great 

diversity  in  their  species,  take 
a  prominent  place  in  tropical 
forest  scenes.  Among  them  are 
found  lianes  like  species  of 
Philodendron,  Monstera,  Pothos; 
epiphytes  like  species  of  An- 
thurium  and  Philodendron,  and 
many  terrestrial  herbs  which  are 
often  social.  To  the  aroids 
belong  some  of  the  most  remark- 
able productions  of  the  tropics, 
for  example  the  gigantic  Amor- 
phophallus  Titanum  in  Sumatra. 
Araceae  are  also  important  con 
stituents  of  the  swamp-flora,  as 
the  species  of  Colocasia  and 
Alocasia. 

The  Scitaviiiicac,  m  the  forn" 
of  perennial  herbs  as  tall  as  i 
man,  are  common  and  promineni 
constituents  of  the  forest  flora 
Bananas,  Musa  paradisiaca  anc 
W.  sapientum  (Fig.  49),  are  no 
only  among  the  commonest  and  most  conspicuous  cultivated  plants,  bu 
also,  in  Asia,  are  frequent  in  the  forest.  Heliconieae  are  in  particula 
characteristic  of  the  tropical  forests  of  America,  as  various  Zingibcracea 
are  of  those  of  Asia.  Madagascar  possesses  the  only  tree-form  of  the  orde 
in  the  traveller's  tree,  Ravenala  madagascariensis,  which  is  grown  in  a) 
tropical  cultivated  lands  as  an  ornamental  tree  (Fig.  123). 

Finally,  amongst  prominent  monocotyledohous  families  forming  con 
stituents  of  the  flora,  mention  should  be  made  of  the  Orcliidaccae,  whicl 
in  particular,  as  epiphytes,  develop  an  astonishing  diversity  of  forms,  aiv 
also  of  the  Bromeliaceae  in  tropical  America,  which  are  likewise  chiefl 
epiphytic.      The  grasslike  Eriocaiilaceac  are,  especially  in  species   of  th 


Fig.  122.  Pandaiuis  sp.     liol.inic  g.irdeii  at  Builen- 
zorg.     From  a  photogiaph  by  G.  Karsten. 


CiiAT.  I]    charactp:rs  of  the  tropical  climate     27,r^ 

genus  Paepalanthus,  essential  constituents  of  the  South  American  grass- 
land districts  ;  and  the  Coiiniicliuaccac,  belonging  like  the  Eriocaulaceae 
to  the  Enantioblastac,  arc  very  widely  distributed  particularly  as  species 
of  Commelina. 

Several  monocotyledonous  families  that  are  most  prominent  in  temperate 
zones,  such  as  Cyperaceae,  Juncaccae,  Liliaceae,  Amaryllidaceae,  are  for  the 


Fig.  123.  To  the  left.  Areca  Catechu  ;  to  the  right,  Ravenala  madagascarieiisis.     From  the 
botanic  garden  at  Singapore.      From  a  jjhotograph  by  Kiikentlial. 

riost  part  of  merely  subordinate  importance,  except  for  some  not  exclusively 
ropical  genera  like  Smilax,  Agave,  Fourcroya. 


Dicotyledones  '. 

Dicotyledones  preponderate  considerably  over  Monocotyledones   in  the 
era  of  the  tropics,  and  the  number  of  their  purel)'  tropical  families  is  much 

[The  grouping  of  the  families  is  that  adopted  in  Strasburger's  Text-book  of  Botany.] 
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greater.  Their  characteristics  are  however  much  less  striking,  so  that 
a  picture  of  vegetation  essentially  composed  of  Dicotyledones  alone, 
frequently  has  a  great  resemblance  to  one  in  the  temperate  zones.  When 
marked  peculiarities  such  as  those  of  branching,  abnormal  disposition  of 
the  leaves  towards  the  horizon,  plank-buttresses,  subaerial  roots,  epiphytic 
crrowth,  and  so  forth,  do  present  themselves,  they  are  not  as  a  rule  the 
characters  of  families,  but  oecological  adaptive  features  recurring  in  the 
most  different  cycles  of  affinity. 

The  distribution  of  Avicntaccae  within  the  tropics  is  comparable  with 
that  of  Coniferae,  as  they  form  a  considerable  contingent  of  the  flora  in  the 
higher  mountain  regions  outside  the  megathermic  climate,  whilst  they  arc- 
unimportant  in  the  lowlands.  They  are  not  completely  absent ;  there 
are,  for  instance,  some  megathermic  oaks  in  Mexico,  and,  according  to 
my  own  observations,  in  the  forests  near  Singapore. 

The  Urticiucac  are  extremely  important  in  the  tropical  zones.  The 
Moraceae  in  the  first  place,  with  the  genus  Ficus  with  its  numerous  arboreous 
dnd  shrubby  species,  also  with  the  genus  Artocarpus,  to  which  belong 
some  of  the  commonest  cultivated  tropical  trees,  Artocarpus  incisa,  the 
bread-fruit  tree,  A.  integrifolia,  the  jack-fruit  tree  ;  the  Urticaceae  with 
numerous  genera  of  usually  shrubby  or  herbaceous  species. 

Among  the  Polygoiiiiiac,  the  Piperaceae  are  exclusively  megathermic 
They  are  represented  in  the  rain-forests  chiefly  by  many  shrubby  and 
herbaceous  terrestrial  plants,  as  well  as  by  root-climbing  lianes  and  epi 
phytes.     The  Polygonaceae  are  limited  to  a  few  species,  chiefly  arboreous. 

The  families  that  in  Central  Europe  chiefly  represent  the  Ccnirospcnnac 
namely  Caryophyllaceae  and  Chenopodiaceae,  are  almost  exclusivelj 
mesothermic  and  of  no  importance  within  the  tropics.  On  the  other  hand 
Amarantaceae  are  very  numerous  as  inconspicuous  herbs  and  men 
rarely  as  woody  plants.  The  Phytolaccaceae  and  Nyctaginaceae  ar 
mainly  tropical  American. 

The  most  important  family  of  the  north  temperate  zone  among  th^ 
Polycarpicae,  that  of  the  Ranunculaceae,  is  mesothermic  and  microthermic 
and  therefore  scarce!)-  represented  witliin  the  tropics  except  on  higl 
mountains.  The  Magnoliaceae  also  are  less  frequent  than  in  the  norti 
temperate  zone.  The  most  important  family  of  the  group  witliin  th 
tropics  is  that  of  Lauraceae,  to  which  numerous  forest  trees,  also  shrub; 
and  the  common  herbaceous  liane-parasite  Cassytha,  belong.  The  purel 
tropical  families  of  the  Anonaceae,  Myristicaceae,  Monimiaceae,  and,  i 
contrast  with  the  allied  mesothermic  Berbefidaceae,  the  family  of  th 
Menispermaceae,  include  many  woody  plants. 

The  tropical  Rhocadinac  are  almost  restricted  to  the  Capparideae.     Th 
few  Cruciferae  are  mostly  mountain  forms. 

Among  the  Cistiflorac  are  many  purely  megathermic  families  of  wood 
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plants,  richly  represented  within  the  tropics,  such  as  Clusiaceae,  Dillcniaccae 
Ochnaccae,  Dipterocarpaccae,  Bixaccac,  also  the  Tcrnstroemiaceae,  which 
includes  some  mesothernis,  and  the  i\Iarcgraviaccae,  consisting  of  tropical 
American  lianes  and  epiphytes.  The  tropical  Violaceae  are  mainly  woody 
plants  and  some  are  even  trees.  Among  herbaceous  families  the  Nepen- 
thaccae  are  prominent  in  the  eastern  tropics. 

Of  the  Coluviiiifcrac,  the  purely  megathermic  Bombacaccac  arc  con- 
spicuous for  their  large  dimensions,  especially  tiie  great  thickness  of  their 
stems  and  the  magnificence  of  their  flowers.  The  allied  Malvaceae  the 
Tiliaceae,  and  the  purely  tropical  Sterculiaceae,  both  as  woody  and 
herbaceous  species,  are  important  constituents  of  the  tropical  flora. 

The  Gnihialcs  arc  of  less  significance.  The  Oxalidaceae,  Tropaeolaceae, 
and  the  Balsaniinaceae,  the  last  of  which  are  very  common  in  the  East 
Indies,  are  chiefly  represented  b\-  herbaceous  plants  ;  the  Geraniaceae  are 
almost  absent. 

The  Tcrcbiiitliiuac  are,  in  particular,  of  considerable  significance  as  con- 
tributing to  the  woody  plants  forming  the  floras  of  the  drier  districts. 
The  families  included  here  are  exclusively  megathermic,  like  Meliaceae, 
Simarubaceae,  Burseraceae,  or  only  partially  so,  as  Rutaceae,  Anacardiaceae, 
Zygophyllaceae. 

Among  the  Acsadiuae  the  Sapindaceae  are  mainly  megathermic,  the 
Malpighiaceae  exclusively  so,  and  frequently  occur  as  lianes.  The  Ery- 
throxylaceae  and  the  American  Vochysiaceae  are  also  megathermic,  but  less 
rich  in  species;  the  Polygalaceae  are  represented,  but  not  the  Aceraceae. 

The  Frauguliiiac  in  the  families  of  the  Celastraceae,  Hippocrateaceae 
(almost  purely  megathermic),  Aquifoliaceae,  Vitaceae  (notably  Cissus),  and 
Rhamnaceae  supply  a  great  number  of  woody  plants,  especially  lianes. 

The  Tricoccac  are  main!}-  megathermic  in  their  most  important  family  the 
Euphorbiaceae,  and  afford  the  tropical  flora  a  great  number  of  arborescent, 
shrubby,  and  herbaceous  species,  in  particular  belonging  to  the  large 
^enus  Croton. 

The  largest  family  of  the  Uinbelliflorac,  namely  the  Umbelliferae,  is 
almost  exclusively  mesothermic,  so  that  within  the  tropics  it  is  represented 
in  the  mountains,  but  only  by  a  very  few  species  in  the  lowlands.  The 
^ornaccae  also  occur  solely  in  the  highlands,  whilst  the  Araliaceae  include 
epresentatives  in  the  lowlands  as  well. 

Of  the  Saxifraginae,  the  Crassulaceae,  Saxifragaceae,  Hamamelidaceae, 
md  Platanaceae  are  pre-eminently  mesothermic  and  of  only  slight  impor- 
ance  within  the  tropics.     The  Podostemaceae  are  tropical  aquatic  plants. 

The  American  family  Cactaceae,  the  sole  constituent  of  the  Opiintinae, 
las  numerous  representatives  in  the  dry  districts  of  tropical  America,  and 
some  common  epiphytes  and  lianes  in  the  rain-forests  also  belong  to  it. 

The  Passijloriuac  are  almost  exclusivel}'  megathermic,  and  are   repre- 
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seiited  in  the  first  place  by  the  Passifloraceae,  Begoniaceae,  and  Flacour- 
tiaceae,  also  by  the  Loasaceae  (America),  Samydaceae,  Turncraceae, 
Caricaceae,  some  of  the  species  of  which  are  common  and  prominent. 

The  ]\Iyrtijiorac  consist  exclusively  of  megathermic  species  in  the 
Melastomaceae,  Combretaceae,  and  Rhizophoraceae,  of  which  those  of  the 
first  family  play  a  prominent  part,  especially  in  America,  as  fine  blossoming 
shrubs  and  herbs,  whilst  to  the  last  two  the  majority  of  shrubs  and  trees 
of  the  mangroves  ^  belong.  Neither  the  Oenotheraceae  nor  the  Lythraceae 
are  absent. 

Of  the  Rosiflorac,  the  Chrysobalaneae  are  exclusiveh-  megathermic, 
whilst  the  other  groups  of  Rosaceae  consist  almost  exclusively  of  meso- 
thermic  plants  and  therefore  within  the  tropics  occur  only  on  mountains. 

The  three  families  of  the  Lcginiiinosac,  the  Mimosaceae,  Caesalpiniaceae 
and  Papilionaceae,  belong  to  the  most  important  groups  of  forms  of  the 
tropical  flora.  They  include  trees,  shrubs,  and  herbs,  that  frequentl)'  climb 
and  are  equally  important  in  humid  and  dry  districts,  in  woodland  andi 
in  grassland  ;  man}'  are  remarkable  for  their  fine  flowers. 

The  different  families  grouped  together  tentatively  as  Hystcrophyta  are 
pre-eminently  megathermic,  and  include  many  of  the  most  unique  products 
of  the  tropical  flora,  especially  among  the  Aristolochiaceae,  Rafflesiaceae 
and  Balanophoraceae. 

The  Eiicinac  arc  with  few  exceptions  mcsothermic,  and  therefore  quite 
unimportant  in  the  true  tropical  flora.  They  however  show  numerou: 
species  in  the  mountain  flora — Vaccineae,  Rhododendron. 

Among  the  PritiinliiiacWxe  Myrsinaceae  are  exclusively  tropical,  wherea- 
the  Plumbaginaceae  include  only  a  small  number  of  megathermic  species 
and  the  few  Primulaceae  are  alpine  plants. 

The  families  of  the  Diospyrinae — Ebenaceae,  Diospyraceae,  Sapotaceae— 
consist  almost  exclusively  of  tropical  woody  plants.  Several  of  thi 
Sapotaceae  are  commonly  cultivated. 

Among  the  Contortae,  the  Loganiaceae,  Apocynaceae.  and  Asclc 
piadaceae  are  represented  in  many  species  of  the  most  diverse  forms  c 
growth,  whilst  the  Oleaceae  and  Gentianaceae,  as  mesothermic  families 
occur  only  as  mountain  plants. 

The  Tnbiflorac  possess  many  megathermic  species  among  the  Convol, 
vulaceae,  and  in  the  Boraginaceae  the  tribe  of  the  Cordieae,  characterizeij 
by  stone-fruits,  is  purely  tropical. 

The  most  important  tropical  family  of  the  Pcrsonatac  is  that  of  Solanaceai 
to  which  very  numerous  herbs  and  shrubs  aiid  some  small  trees  belons 
The  pre-eminently  megathermic  families  Bignoniaceae,  Gesneraceae.  an 
Acanthaceae    have    numerous    representatives,    and    the    Lcntibulariacea 

'  See  Chap.  \'I  of  this  section. 
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are  chiefly  represented  by  .species  of  Utricularia.  The  Scrophulariaceae, 
however,  are  only  feebly  rej^rescnled. 

Among  the  Labiatiflorac,  the  Verbenaceac,  to  which  arboreous  as  well 
as  shrubby  and  herbaceous  species  belong,  have  a  greater  importance  than 
the  relatively  less  represented  Labiatae. 

The  megathcrniic  Cainpaiuiliuac  are  limited  to  the  Lobeliaceae,  Good- 
eniaceae,  and  Cucurbitaceae ;  the  Campanulaceae  are  mesothermic,  and 
therefore  only  appear  as  mountain  plants  in  the  tropics. 

The  Rubiaceae,  the  largest  of  the  three  families  of  the  Rubiinae,  owing 
to  their  great  number  of  species  and  the  important  part  which  many 
of  their  representatives  play  by  their  frequent  occurrence,  belong  to  the 
most  important  natural  orders  in  tropical  vegetation.  The  Caprifoliaceae, 
on  the  other  hand,  are  extremely  scarce  in  the  tropical  lowlands,  and  the 
Valerianaceae  are  hardly  represented  at  all. 

The  Compositae  are  about  equally  important  in  the  tropical  and 
temperate  zones  ;  only  a  few  Liguliflorae  are  megathermic,  but  numerous 
Tubuliflorae,  sometimes  special  groups  of  them,  are  megathermic.  Most 
tropical  Compositae  are  herbs,  but  lianes  and  small  trees  also  occur  among 
them.  The  Dipsaceae,  which  with  the  Compositae  and  the  small  family 
of  Calycereae  form  the  cohort  Aggregaiac,  are  chiefly  mesothermic,  and  in 
the  tropics  are  nearly  all  mountain  plants. 
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.   GENERAL    PREVALENCE   OF   PERIODIC    PHENOMENA 
IN   THE   FUNCTIONS    OF   PLANTS. 

The  periodic  phenomena  of  tropical  vegetation  have  hitherto  been 
vestigated  onl>-  to  a  sHght  extent.  As  a  result  of  the  scant}-  and  usually 
correct  data  supplied  by  travellers,  the  notion  has  been  pretty  generally 
.■^seminated  that  in  constantly  humid  tropical  districts  vegetative  and  repro- 
ictive  activity  proceeds  without  interruption,  whilst  the  well-defined  dry 
asons  of  other  districts  cause  their  vegetation  to  undergo  periods  of  rest. 
Observations  in  tropical  districts  with  abundance  of  rain  at  all  seasons 
the  year  have  taught  me  that  there  also  vital  processes  in  plants  exhibit 
ifhytliviic  alternation  of  periods  of  repose  anct  of  activity.  This  opinion, 
iwever,  depends  on  a  conception  of  periods  of  rest  that  differs  from  the 
ual  one. 

The  more  recent  investigations,  especially  those  of  Sachs  and  Muller- 
lurgau,  have  proved  satisfactorily  that  there  are  no  periods  of  rest  for  the 
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vital  processes  as  a  zv/iole,  but  only  resting  periods  for  eertaiii  fiiuetions. 
A  plant  during  its  hibernation  is  by  no  means  inactive.  In  many  trees,! 
starch  is  converted  into  oil  ;  the  chloroph}-ll-corpuscles  of  conifers  produce' 
red  colouring  matter ;  the  epidermis  of  the  leaves  of  many  herbs  produces 
cyanophyll  ;  the  roots  continue  to  grow  in  length  ;  the  winter-buds,  by 
means  of  invisible  processes,  acquire  the  power  of  further  development, 
which  was  lacking  in  them  in  the  warm  season,  and  so  on.  On  the  other 
hand,  repose  chiefly  prevails  as  regards  the  inception,  the  growth  in  length 
and  thickness  of  the  shoots,  although  there  are  exceptions.  Assimilation 
is  weakened,  yet  suspended  only  in  hard  frosty  weather. 

At  spring-time,  in  temperate  latitudes,  the  period  of  rest  for  the  processes 
of  growth  terminates  ;  leafy  shoots  and  flowers  are  formed  ;  the  functions 
of  nutrition,  especially  the  conversion  of  already  assimilated  material,  break 
into  stirring  activity.  On  the  other  hand,  functions  depending  on  lower 
temperatures  enter  on  a  period  of  rest. 

During  summer,  the  greatest  activity  prevails  in  the  domain  of  nutrition 
especially  as  regards  the  assimilation  of  raw  materials.  Growth  in  thick- 
ness of  stems,  and  in  thickness  and  length  of  the  roots,  is  in  full  activity 
on  the  contrary,  after  the  winter-buds  have  been  completed,  the  meristems 
of  the  terminal  buds  are,  as  a  rule,  at  rest.  As  regards  the  domain  of 
reproduction,  there  may  be  activity  or  repose,  according  to  species. 

Autumn  is  a  period  of  slackness,  of  the  commencement  of  repose  in  most 
domains.  In  some  species,  however,  reproductive  activity  for  the  first  time 
awakens  from  rest. 

There  is  therefore  in  the  temperate  zones  no  season  of  the  year  that  does 
not  tend  to  set  in  motion  certain  functions  of  plant-life,  and  to  set  others  at 
rest.  During  autumn  and  winter  repose  predominates,  and  during  spring 
and  summer  activity  predominates,  so  that  we  may  speak  of  relative  seasons 
of  rest  and  of  vegetation,  although  at  no  season  is  either  condition  actually 
realized. 

Tropical  plants  are  just  as  subject  to  the  periodic  alternation  of  rest  and 
of  activity  as  are  those  of  the  cooler  and  cold  zones.  Wherever  a  sharp 
climatic  periodicity  prevails  the  functions  of  the  plant-organism  in  the 
tropics  also  appear  to  be  decidedly  influenced  by  it.  Thus  dr}-  seasons  act 
like  cold  ones  in  many  respects.  The  less  marked  the  periodicity  of  the 
chin  ate  is,  the  less  dependent  on  its  influence  is  the  periodicity  in  the  plant. 
Internal  causes  are  mainly  or  solely  responsible  for  the  alternation  of  rest  and 
of  activity  in  a  nearly  uniform  climate.  Such  a  rhythmic  change  is  how- 
ever never  abandoned,  for  it  arises  from  the  nature  of  the  living  organism 
and  not  from  external  conditions  :  its  connexion  with  external  conditions 
is  a  secondary  feature — an  adaptation. 

Hence  the  picture  of  general  and  continuous  activit}-  which  most 
travellers  have  brought  with  them  regarding  the  vegetation  in  constantly 
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humid  districts  is  an  illusion.  To  the  attentive  observer  repose  is  manifest 
;ver)'\vhere  side  by  side  with  activity,  and  both  these  conditions  continually 
nterchange  like  the  parts  of  a  kaleidoscope.  The  difference  between  such 
1  vegetation  and  one  exposed  to  the  influence  of  alternately  favourable  and 
anfavourable  seasons  is  confined  to  the  f;act,  that  in  the  constantly  humid 
district  the  sum  of  repose  and  activity  remains  approximately  constant  in 
very  season,  whilst  in  districts  with  alternating  seasons  it  periodicall)' 
ncrcases  and  decreases. 


2.   PERIODICITY    IN   THE   VEGETATIVE    DOMAIN, 
i.   LEAF-FALL. 

In  spite  of  numerous  travellers'  reports  to  the  contrary,  the  notion  still 
)revails  that  tropical  forests  are  for  the  most  part  evergreen,  and  essentially 
)ccupy  constantly'  moist  districts  onl)',  whereas  districts  with  markedly  dry 
easons  are  supposed  to  produce  forest  growth  only  along  the  margins 
f  water-courses.  This  incorrect  idea  is  connected  with  the  no  less 
ncorrect  assumption  that  dry  seasons  are  unsuitable  for  forests. 

In  reality  the  case  has  quite  a  different  aspect.  TIic  tropical  forest  is  for 
he  most  part  composed  of  periodically  leafless  trees,  and.  as  has  already  been 
hown  \  is  b}'  no  means  excluded  from  districts  with  very  dr}'  and  hot 
easons.  Indian  forest-botanists,  especially  Brandis  and  Kurz,  were  the 
rst  to  make  us  acquainted  with  the  distinctive  characters  of  tropical 
Drests  that  are  evergreen  and  forests  that  are  green  in  the  rainy  season. 
Voodland  in  districts  with  periodic  and  well-marked  dry  seasons  has 
uring  the  dry  season  a  greater  resemblance  to  Central  European  woodland 
uring  winter  than  to  the  dense  luxuriant  rain-forests  which  are  usuallj' 
;garded  as  the  typical  tropical  forests.  The  picture  of  repose,  however, 
hat  is  evoked  by  the  dry  season,  is  much  less  uniform  than  that  of  a  winter 
indscape  in  temperate  zones. 

Thus,  in  many  cases,  woodlands  near  the  water  retain  all  their  foliage  or 

large  part  of  it  during  the  dry  season,  and  form  green  strips  and  spots 
n  the  landscape  which  is  otherwise  mainly  brown  and  grey  in  tint.  In 
ddition,  outside  the  reach  of  water-infiltration,  differences  in  the  chemical 
nd  physical  nature  of  the  soil  affect  the  time  and  extent  of  the  leaf-fall. 
i^  greater  amount  of  moisture  in  the  soil  delays  defoliation  and  accelerates 
iie  opening  of  the  leaf-buds.  Warming  has  also  observed  that  woody 
lants  growing  on  a  calcareous  soil  become  barer  of  foliage  than  on  other 
inds  of  soil. 

Specific  differences  in  woody  plants  also  come  into  play.    Under  identical 

'  See  p.  165. 
R  2 
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external  conditions,  some  of  tliem  lose  their  foliage  even  before  tiie  end 
of  the  rainy  season,  others  shed  their  leaves  at  the  cominencement  of  the 
dry  season,  others  again  do  this  quite  gradually  in  the  course  of  several 
months,  and  lastly  others  remain  in  full  leaf  until  the  opening  of  the  resting 
buds.  In  some  trees  even,  according  to  Warming,  leaf-fall  is  entirely 
suspended  in  many  of  the  years.  The  variety  in  the  scene  is  further 
increased  by  the  fact  that  isolated  evergreen  trees  are  frequently  scattered 
about  the  deciduous  forest. 

Such  distinctions,  however,  are  only  exhibited  in  places  where  the  dry 
seasons  are  either  not  very  long  or  not  quite  without  rain.  I  found  the 
dry  savannah-forest  bordering  on  the  llanos  of  Venezuela  (Province  of 
Maturin),  except  for  a  little  evergreen  tree,  Rhopala  complicata,  just  as 
bare  of  foliage  as  a  German  broad-leaved  forest  in  winter  ;  it  formed  the 
most  striking  contrast  to  the  narrow  but  dense  strips  of  forest  which  had 
retained  their  foliage  along  the  water-courses. 

Grasslands  within  the  tropics,  occurring  chiefly  in  the  form  of  savannah', 
during  the  dry  season,  if  not  burned  by  the  usual  fires,  appear  clad  with 
dry  straw-like  grasses,  among  which  only  isolated  plants  are  green  and 
flowering.  A  striking  contrast  to  such  a  grassy  covering  is  formed  by  dry 
blocks  of  rock,  which  are  burning  hot  in  the  sun,  with  their  vegetation 
of  succulent  plants,  and  other  evergreen  xerophytes,  such  as  Cactaceae, 
Bromeliaceae,  Orchidaceae,  which  indeed  usually  blossom  in  the  dry 
season  -. 

Warming  describes  the  connexion  between  vegetation  and  the  season 
of  the  year  in  the  campos  of  Minas  Geraes  in  Brazil,  in  the  following 
manner : — 

Winter  (May  to  July.  Coldest  and  driest).  Grass  on  the  campos  like  straw.  Leaf- 
fall  begins,  but  continues  into  the  spring  months.  Some  trees  already  lose  all  their 
foliage,  but  some  do  not  do  this  until  the  spring.  Leaf-fall  is  much  more  complete 
and  general  in  the  campos  (savannahs)  than  in  tlie  forests. 

Spring  (August  to  October).  Increase  of  humidity  and  heat ;  in  October  the  rain; 
usually  begin.  The  leaf-fall  continues  and  becomes  more  general.  During  these 
months  most  trees  lose  all  their  foliage,  but  display  the  young  leaves  simul- 
taneously, or  even  a  little  earlier,  so  that  the  forest  always  remains  green.  MosI 
of  the  leaves  remain  for  twelve  to  fourteen  months  on  the  trees,  somewhat  longet 
in  the  forest  than  on  the  campo.  Some  stems  retain  their  foliage  for  twcnty-fou 
months,  or  even  longer.  Considered  generally,  the  production  of  foliage  continues 
for  half  a  year ;  longer  in  some  species,  shorter  in  others.  The  new  leaves  develop 
before  the  commencement  of  the  rain. 

Summer  (November  to  January).  Rainy  season.  The  leaf-fall  has  stopped 
Many  species  produce  a  second  crop  of  leaves.  Some  appear  to  produce  three 
generations  of  shoots  annually. 

'  See  p.  162.  ^  I  observed  this  in  Venezuela. 
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AiiliiDiii  (February  to  April).  Continuation  of  the  rainy  season,  after  an  interrup- 
tion of  dry  wcatlier  in  January  to  February.  Tlic  leaf-fall  begins  in  March,  before 
the  end  of  the  rainy  season. 

The  greater  the  precipitations  during  the  rainy  season,  tlie  more  do  the 
evergreen  trees  predominate  over  those  that  pcriodicall}-  shed  their  leaves. 
In  the  dense  forests  of  constantly  humid  districts,  defoliation  occurs  only 
in  the  gigantic  trees,  whose  crowns  rise  like  cupolas  above  the  general 
leaf-canopy  and  are  therefore  more  exposed  to  drought.  Among  these 
periodically  leafless  giants  may  be  reckoned  fig-trees  in  particular ;  also 
the  rasamala,  Altingia  excelsa,  the  tallest  tree  in  the  dripping  forests  of 
Java,  is  bare  of  foliage  in  a  short  time  after  the  commencement  of  the  dry 
east  wind. 

In  all  tropical  districts  with  very  weak  climatic  periodicity,  there  are 
woody  plants  tliat  sited  ilicir  leaves  at  longer  or  shorter  intervals  {one  to  six 
times  a  year),  without  any  eonncxion  ivith  the  season  of  the  year,  so  that 
trees  of  one  and  the  same  species,  under  the  same  external  conditions, 
acquire  fresh  foliage  and  shed  their  leaves  at  times  that  do  not  agree. 
Thus,  for  instance,  I  saw  at  Singapore  trees  of  flame-of-the-forest,  Poinciana 
recia,  erowine  together  with  and  without  foliage,  and  I  have  noticed  the 
same  behaviour  in  Terminalia  Catappa  at  many  places.  Haberlandt  makes 
a  similar  statement  regarding  Palaquium  macrophj'llum  at  Buitenzorg. 
The  period  during  which  such  trees  remain  leafless  is  usually  very  short — 
one  to  two  days,  for  instance,  for  Excoecaria  Agallocha.  Acer  niveum,  many 
species  of  Urostigma  ^ 

In  the  botanic  garden  at  Buitenzorg  I  have  carefully  observed  Urostigma 
glabcUum,  a  gigantic  tree  which  sheds  its  leaves  and  produces  new  foliage 
about  every  two  months.  On  December  to,  1889,  the  whole  foliage  fell 
during  the  day  while  still  perfectly  green,  so  that  the  tree  that  appeared 
quite  verdant  in  the  morning  became  bare  of  leaves  by  evening.  On 
December  20  the  foliage  had  been  almost  completely  renewed.  One  of  the 
young  shoots  which  had  been  formed  in  the  interval  and  was  plucked 
haphazard  was  26  cm.  long  from  its  base  to  the  tip  of  its  topmost  leaf,  the 
axis  alone  12  cm.  long,  and  the  blade  of  the  third  oldest  leaf  13  cm.  long; 
that  of  the  youngest  8  cm. 

Such  cases  of  the  loss  and  restoration  of  the  leaves  independently  of  the 
season  of  the  year  can  only  be  due  to  internal  causes.  Frequentlj^  such 
a  leaf-fall  is  a  sign  that  the  tree  is  preparing  to  blossom.  In  Urostigma 
glabellum  and  in  many  other  species  such  a  connexion  does  not  exist,  or 
not  necessarily  so. 

It  suggests  itself  that  in  such  cases  the  swelling  buds  draw  the  transpiration- 
current  to  themselves  ;  but  no  experiments  have  been  made  in  relation  to  this. 

'  Koorders  and  Valeton,  op.  cit. 
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In  the  cases  described  above  all  the  parts  of  the  crown  of  the  tree 
exhibited  the  same  behaviour.  In  other  cases  individual  t-wigs  s/ied  their 
leaves  and  acquire  fresh  ones  at  different  times.  I  have  observed  this  in 
tropical  trees  only  in  connexion  with  the  flowering  time,  and  will  therefore 
not  discuss  the  matter  till  later  on. 


ii.   GROWTH. 

Evergreen  ivoody  plants  in  districts  zvith  precipitations  at  all  seasons  of  the 
year  are  not  endowed  until  continuous  groii'tli,  but,  like  deciduous  woody 
plants,  experience  periodic  alternations  of  rest  and  activity.  The  ebb  and 
flow  of  vegetation  is  very  striking  in  the  case  of  trees  whose  foliage  in 
youth  is  verj'  light  in  colour,  but  assumes  a  dark  hue  in  old  age.  In  such 
a  case  a  tree  remains  for  weeks,  even  for  months,  in  its  dark  foliage  ;  all 
its  terminal  buds  are  at  rest.  Suddenly  the  dark  ground  appears  to  be 
tipped  with  white  or  bright  red.  the  foliage-buds  have  flushed.  More 
frequent  than  simultaneous  rejuvenescence  of  the  zvhole  crozi'ii  is  the 
awakening  at  different  tivws  of  the  terminal  buds  of  individual  twigs,  or 
systems  of  twigs,  from  the  resting  to  the  active  condition.  In  such  cases, 
however,  the  trees,  regarded  as  a  whole,  give  the  impression  of  emitting 
shoots  without  interruption  ;  yet,  even  if  it  be  more  concealed,  there  occurs 
in  them  the  alternation  of  rest  and  activity  that  is  common  to  all  vital 
processes. 

The  independence  of  individual  systems  of  shoots,  for  instance,  is  very 
strikingly  exhibited  by  the  mango-tree.  Its  reddish  young  foliage  does 
not  appear  at  once  all  over  the  surface  of  its  immense  dark  green  crown, 
but  only  at  one  or  at  two  points,  corresponding  to  the  sj-stem  of  branches  ol 
a  longer  bough,  the  terminal  buds  of  \\  hich  all  sprout  together,  whilst  those 
of  other  boughs  remain  at  rest. 

Usually,  however,  the  individuality  of  the  twigs  goes  still  further.  Ai 
a  typical  instance  of  the  majority  of  evergreen  woody  plants  in  the 
constantly  humid  tropical  districts  we  may  select  Amherstia  nobilis,  whicl 
is  frequently  cultivated  and  belongs  to  the  Caesalpiniaceae.  In  this,  as  ir 
many  other  trees,  all  the  members  of  the  system  of  branches  are  inde 
pendent  of  one  another,  so  that  twigs  with  resting  terminal  buds  and  other.- 
with  growing  shoots  in  all  stages  of  development  are  intermingled  in  the 
greatest  confusion. 


iii.    TEMPERATE  WOODY  PLANTS  'iX  THE  TROPICS. 

All  text-books  repeat  Humboldt's  statement  that  at  Cumana  in  Venezuel: 
the  vine  is  in  foliage  and  bears  fruit  throughout  the  year.  I  do  not  throv 
any  doubt  on  the  correctness  of  this  observation  ;   but,  on  the  other  hand 
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the  notion  derived  from  it,  tiiat  the  vine  has  become  evergreen,  in  the  same 
sense  as  a  silver-fir,  is  most  probably  incorrect. 

I  ha\e  had  an  opportunity  of  studying  closely  the  periodic  phenomena 
exhibited  b}'  trees  from  the  temperate  zones  in  a  climate  that  may  be 
reckoned  as  the  most  uniform  in  the  world,  namely,  in  the  constantly 
humid  and  cool  mountains  of  West  Java.  The  botanic  garden  at  Tjibodas, 
situated  at  about  1,500  meters  above  sea-level,  contains  woody  plants  from 
Europe,  from  temperate  Asia,  and  from  North  America,  which  at  home  are 
leafless  during  winter,  but  here,  like  the  far-famed  vine  of  Cumana,  have 
become  '  evergreen.'  I  studied  them  in  December  and  January,  that  is  to 
say  at  a  time  when  they  would  have  been  leafless  under  their  own  natural 
conditions ;  they  were,  however,  all  well  provided  with  foliage,  and  in  some 
cases  with  flowers  and  fruit.  These  trees  have  nevertheless  retained  their 
periodicit)',  but  tlic  individual  brandies  have  become  more  or  less  completely 
indepcitdent  of  one  auotlicr,  so  that  at  the  time  of  my  visit  many  trees  were 
simultaneously  bearing  winter,  spring,  summer,  and  autumn  shoots,  and 
the  remaining  trees,  at  least  most  of  them,  had  branches  presenting  the 
appearance  characteristic  of  two  seasons  of  the  }-ear. 

In  young  trees  transplanted  into  the  tropics,  the  indifference  of  the  rhythmic 
alternation  of  foliation  and  defoliation  to  the  time  of  the  year,  and  the  independence 
of  action  on  the  part  of  the  several  systems  of  shoots,  appears  only  gradually  during 
the  course  of  the  year ;  the  influence  of  the  seasons  on  the  periodic  phenomena 
that  has  already  been  experienced  persists  for  a  long  time,  as  an  after-effect,  only 
to  vanish  by  degrees  by  the  ditierent  branches  exhibiting  dissimilar  variations  from 
the  original  behaviour. 

The  north  temperate  trees  cultivated  in  the  garden  at  Tjibodas,  at  the  time  of 
my  visit,  so  far  as  my  observations  went,  were  as  follow :  Magnolia  Yulan, 
Magnolia  sp.,  Liriodendron  tulipifera,  Diospyros  Kaki,  Pyrus  Malus,  P.  connnunis, 
Quercus  pedunculata,  Rhus  succedanea,  Olea  europaea,  Amygdalus  communis. 

Magnolia  Yulan,  for  instance,  presented  the  following  appearance  :  some  defoli- 
ated twigs  with  leaf-buds  and  sometimes  flower-buds  ;  others  with  young  leaves 
and  open  flowers;  still  others  with  full-grown  leathery  leaves  and  the  dried 
remains  of  flowers— there  was  no  fruit  formed ;  others,  again,  with  a  few  '  autumn- 
tinted  '  leaves,  that  fell  off  easily  when  touched. 

In  Magnolia  sp.  the  '  summer  '-twigs  bore  fruit.  The  tree,  represented  by  several 
fine  specimens,  exhibited  a  less  marked  difference  in  its  separate  twigs;  these 
were  more  dependent  on  one  another.  But  the  individual  trees  were  at  different 
stages  of  seasonal  development.  Some  were  in  the  array  of  early  spnng,  with 
quite  young  leaves  ;  others  in  that  of  early  summer,  with  still  fresh  leaves  and 
young  fruits  ;  others  again  bore  ripe  fruits  and  old  leaves. 

Liriodendron  tulipifera  and  Quercus  pedunculata  reflected  winter,  spring,  and 
summer  on  their  separate  boughs.  With  Pyrus  Malus  and  P.  communis,  which 
moreover  the  climate  apparently  did  not  suit,  all  four  seasons  were  represented 
on  the  same   little  trunk.     A  shrub  of  Rhus  succedanea  was  in  spring-condition 
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at  its  base,  in  summer-condition  at  its  summit ;  a  larger  plant  of  the  same  species 
displayed  on  some  branches  light-red  vernal  tints  and  dark-red  autumnal  ones, 
whilst  others  were  bare  as  in  winter.  Amygdalus  communis  was  in  purely 
spring  attire. 

In  less  uniform  tropical  climates,  the  periodic  phenomena  of  woody  plants 
coming  from  the  temperate  zones  seem  to  adapt  themselves  to  the  new  seasons. 
Then  the  phenomena  naturally  occurring  in  winter  and  spring  take  place  in  the' 
dry  season,  and  those  characteristic  of  summer  and  autumn  come  to  pass  in  the 
rainy  season.  Mr.  Nock,  the  Curator  of  the  experimental  garden  at  Hakgalla  inj 
Ceylon  at  about  i,8oo  meters  above  sea-level,  told  me  that  European  trees  lose  most! 
of  their  foliage  during  the  wet  south-west  monsoon,  whilst  during  the  moderately 
moist  autumn  months  thej'  produce  young  leaves  and  flowers.  More  precise 
observations  on  these  interesting  phenomena  are  not  available. 

3.  PERIODICITY    IN   THE   SEXUAL   DOMAIN.  I 

i.    GENERAL   CONSIDERATIONS. 

In  the  majority  of  plants,  flower  and  foliage  exhibit  a  certain  antagonisn 
and  are  usually  separated  in  their  development  in  time  or  in  space.  Ir 
herbaceous  plants,  devoid  of  tubers  or  bulbs,  vigorous  development  of  th( 
reproductive  organs  is  generally  attained  only  after  the  foliage  has  beat 
completely  or  almost  completely  formed.  In  this  case,  at  all  events,  on 
may  interpret  the  phenomenon  by  ascribing  to  the  foliage  the  work  o 
forming  nutritive  material  for  the  production  of  flowers  and  fruits.  In  th 
case  of  plants  with  rhizomes,  and  of  woody  plants,  there  is  no  such  direc 
dependence,  and  we  see  in  fact  the  formation  of  flowers  often  precedini 
that  of  foliage,  when  it  takes  place  at  the  expense  of  the  previous  year' 
reserve-material.  This  precedence  of  flower  seems  to  occur  frequentlj 
when  flower  and  foliage  are  at  some  distance  from  one  another,  as  i 
cauliflorous  plants. 

In  zones  with  cold  winters,  the  development  of  blossom  in  many  plant 
especially  in  woody  ones,  stretches  over  two  periods  separated  b)'  a  seaso 
of  rest,  the  first  period  being  one  of  inception,  and  the  second,  one  of  growtl 
It  is  not  known  to  what  extent  this  also  occurs  in  the  tropics.  Th 
following  remarks  therefore  concern  only  the  later  stages  of  devclopmet 
that  are  easily  discernible  by  the  naked  eye.  Flowers  have  received  fc 
more  attention  than  have  fruits,  as  the  former  have  been  more  minutel 
investigated  by  earlier  observers  as  well  as  by  myself.  What  is  state 
below  is  therefore  merely  fragmentary. 

Woody  plants  may  be  considered  in  the  first  place,  as  in  them  an 
external  influences  on  the  development  of  flowers  are  more  clearly  reveak 
than  in  most  herbaceous  plants,  in  which  the  direct  dependence  of  tl 
reproductive  functions  on  the  assimilatory  activity  of  the  foliage  interfen 
with  the  expression  of  any  such  external  influence. 
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The  separation  in  point  of  time  of  the  blossomins^  and  of  the  purely 
i-egetative  condition  is  due  to  the  fact  that  botli  arc  associated  with 
:liffcicnt  seasons  of  the  year.  In  the  tropics  also,  an  influence  on  the  part 
of  the  season  occurs  wherever  a  sharply  marked  change  of  climate  prevails, 
but  this  influence  is  usually  weaker  than  in  zones  with  a  cold  winter.  The 
uimber  of  species  in  blossom  throughout  the  whole  year  is  greater,  and  the 
period  during  which  blossoming  individuals  of  one  species  are  found  is,  in 
general,  longer  in  the  tropics  than  in  places  where  the  seasons  of  the  year 
exhibit  very  great  differences  of  temperature  ;  in  fact,  repeated  blossoming 
at  short  intervals,  which  in  the  temperate  climate  is  almost  always  anoma- 
ous,  is  a  normal  and  regular  phenomenon  with  many  tropical  plants. 
Such  distinctions  are  most  striking  when  the  woody  plants  of  the  temperate 
and  tropical  zones  are  compared  with  one  another. 

ii.    CONSTANTLY  HUMID  DISTRICTS. 

The  less  marked  tlie  climatic  differences  of  the  seasons  are,  the  less  dependent 
upon  the  season  of  the  year  is  the  blossoming  period  of  tropical  plants. 
We  find  therefore  the  same  relationships  as  in  the  vegetative  system. 
Species  that  blossom  throughout  the  year  are  commonest  in  districts  with 
a  nearly  uniform  climate.  The  remark  frequently  met  with  in  tropical 
Floras,  '  blossoms  throughout  the  year,'  is  however  as  a  rule  not  to  be 
interpreted  as  meaning  that  one  and  the  same  plant  is  always  in  flower, 
but  merely  that  blossoming  individuals  are  to  be  found  at  any  time. 
Among  the  species  belonging  to  the  category  of  plants  that  are  constantly 
in  bloom,  many  occur  the  individuals  of  which  bear  blossoms  only  once 
a  year,  or  not  even  annually.  This  is  especially  the  case  with  many  trees 
of  moist  virgin  forests  that  are  seldom  found  in  blossom.  On  the  other 
hand,  there  are  species,  individuals  of  which  possess  a  blossoming  period 
that  is  very  long  or  recurs  at  short  intervals,  so  that  the  number  of  their 
blossoming  plants  at  any  time  of  the  year  exceeds  that  of  those  out  of 
blossom.  This  condition  occurs  in  particular  in  open  sunny  situations  and 
in  littoral  forests.  Species  of  Rhizophora  and  Avicennia,  but  especiallj- 
Hibiscus  tiliaceus,  have  remarkably  long  blossoming  periods  and  are  usually 
found  in  bloom.  I  cannot  state  whether  there  are  any  long-lived  plants, 
individuals  of  which  are  uninterruptedly  in  bloom,  since  observations 
extending  over  years  would  be  required  to  determine  it,  and  no  one  has 
thought  of  doing  this.  I  do  not  however  consider  such  a  condition 
impossible,  especially  in  the  case  of  richly  branched  woody  plants ;  some 
widel\-  cultivated  species  of  Hibiscus  that  seemed  to  me  to  be  continuously 
in  blo.ssom.  and  Ricinus,  should  prove  adapted  for  an  easy  solution  of  the 
problem.  But  even  then,  there  could  not  fail  to  be  an  alternation  of 
periods  of  rest  and  activity  in  blossoming.     We  have  seen  in  the  pheno- 
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menon  of  the  production  of  foliage  to  what  a  high  degree  the  separate 
branches  of  many  tropical  woody  plants  are  individualized.  The  same 
truth  often  holds  good  in  the  production  of  flowers.  Frequently  e 
sino-le  bough  is  in  blossom,  while  the  other  boughs  remain  in  a  conditio: 
of  mere  vegetative  activity  but  bear  flowers  at  other  times.  The  pheno- 
menon is  very  striking  in  the  mango-tree  and  in  the  silk-cotton- tree! 
Eriodendron  anfractuosum,  in  which  an  area  of  the  crown  of  about  the 
extent  that  would  be  occupied  by  a  large  branch  alone  bears  flower  at  oik 
time,  and  then  subsequently  other  similar  areas  bear  flower.  Fritz  Aliilk: 
mentions  a  gigantic  fig-tree  growing  at  Blumenau,  the  different  boughs 
of  which  bear  fruit  at  different  seasons '.  In  other  cases  this  phenomenor 
is  less  obvious,  as  it  is  not  all  the  branches  of  a  thick  bough  at  one  time 
but  smaller  systems  of  branches  of  a  higher  order,  or  even  individual  twigs 
that  exhibit  alternate  rest  and  activity  in  the  reproductive  processes.  One 
and  the  same  shoot  never  blossoms  and  bears  fruit  uninterruptedl)'. 

Most  of  the  plants  whose  flowering  period  is  independent  of  the  seasoi 
produce  their  flowers,  as  may  readily  be  understood,  at  different  times,  anc 
therefore  a  tree  decked  in  full  floral  array  ma}'  frequently  be  seen  close 
to  another  tree  of  the  same  species  bearing  ripe  fruit  only. 

Yet  in  a  few  species  with  a  short  blossoming  period  it  strangel) 
happens,  tlial  within  a  more  or  less  extensive  distriet,  frequently  comprising 
many  square  miles,  all  the  individual  plants  of  one  species  come  into  blosson 
on  the  same  day. 

The  first  to  recognize  a  fact  of  this  nature,  as  in  the  case  of  so  manj 
other  features  of  tropical  plant-life,  was  Fritz  Miiller,  who  noticed  it  ir 
three  species  of  the  iridaceous  genus  Marica  flowering  at  different  times 
Subsequently  Mr.  Ridley  at  Singapore  informed  me  that  a  local  epiphytie 
orchid  (Dendrobium  crumenatum,  Sw.)  behaved  in  a  similar  way.  Finally 
during  my  visit  to  Buitenzorg  Dr.  Treub  drew  my  attention  to  the  habit  o 
this  orchid,  which  is  common  everywhere  in  West  and  Central  Java.  Oi 
December  13, 1889,  all  the  individual  plants  that  I  saw  in  Buitenzorg  (whicl 
is  in  West  Java)  and  its  vicinity  were  opening  the  whole  of  their  flower-buds 
On  January  19,  1890,  I  met  with  the  same  phenomenon  at  Samaran^ 
in  Central  Java ;  and  as  I  learnt,  the  Dendrobium  had  also  blossomed  a 
about  the  same  time  at  Buitenzorg.  On  February  19  I  saw  the  same 
thing  at  Garut,  on  the  high  plateau  of  Preanger,  and  again  on  March 
at  Buitenzorg.  Some  other  less  common  orchids  appear  also  to  act  ii 
a  similar  way. 

Comparable  perhaps  with  the  above  strange  -phenomena  is  the  behavioii 
of  certain  bamboos  that  blossom  only  after  cycles  of  a  number  of  years 
and  then  all  simultaneously  within  an  extensive  province.  Thus  thi 
bamboos  in  the  South  Brazilian  provinces  of  St.  Catherina  and  Rio  Granele, 

'  Fritz  Miiller,  op.  cit,  p.  392.  ' 
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lo  Sul  blossom  at  intervals  of  about  thirteen  years.  Bambusa  arundinacea, 
in  the  west  coast  of  Cisgangetic  India,  blossomed  at  intervals  of  thirty-two 
ears — 1X04.  1836,  icS6S '.  According  to  Ridley,  two  species  of  Hopea, 
^.  intermedia  and  H.  Mengarawan,  and  four  species  of  Shorea,  S.  lepro- 
ula,  S.  parvifolia,  S.  pauciflora  and  S.  macroptera,  blossom  with  great 
egularity  every  sixth  year.  These  cycles  are  said  to  coincide  with  very 
ry  years  -. 
In  most  cases,  during  the  greater  part  of  the  reproductive  period,  tliere  is 
retardation  or  even  a  stoppage  in  the  vegetative  domain,  and  this  may 
xtend  to  the  whole  crown,  when  its  habit  is  to  break  simultaneously  into 
ower,  or  it  may  be  confined  to  the  larger  or  smaller  branches,  according 
D  their  degree  of  individuality.  The  effect  on  the  vegetative  region  is 
■equentl)-  limited  to  the  discontinuance  of  the  formation  of  foliage-shoots; 
le  vegetative  buds  rest.  In  many  cases,  the  antagonism  between  the 
cgetative  and  reproductive  functions  goes  further.  A  tree  or  shrub  pre- 
'iriiig  to  blossom  throws  off  its  foliage,  chiefly  however  from  the  floxvering 
■anchcs.  whereas  the  purely  vegetative  ones  usually  retain  their  leaves. 

At  what  stage  of  the  development  of  blossom  this  phenomenon  happens  I  have 
nfortunately  omitted  to  determine,  and  the  literature  of  the  subject  has  nothing 
)  say  about  it.  In  this  case,  as  in  the  shedding  of  the  foliage  of  Urostigma  gla- 
;llum ',  the  effect  possibly  depends  on  the  diversion  of  the  transpiration-current 
wards  the  flower-buds.  The  fresh  foliage  sometimes  shoots  out  at  the  com- 
lencement,  sometimes  at  later  stages  of  the  formation  of  the  fruit. 

Criiger  had  already  observed  in  Trinidad  that  Erythrina  blossomed 
hen  bare  of  leaves  and  that  twigs  that  remained  flowerless  retained  their 
iliage.  I  have  frequently  had  an  opportunity  of  seeing  this  statement 
jnfirmed  and  have  observed  the  same  fact  repeatedly  in  Schizolobium 
igantcum  in  Java.  I  met  with  similar  phenomena  in  the  botanic  garden 
f  Tjibodas,  where  I  paid  more  attention  to  it,  in  Parasponia  parviflora, 
le  richly  flowering  twigs  of  which  threw  off  the  greater  part  of  their 
iliage,  whilst  those  that  bore  only  a  few  flowers  retained  considerably 
lOre  leaves.  I  also  noted  it  in  an  Ardisia  and  in  Juannuloa  aurantiaca, 
here  the  blossoming  twigs  were  altogether  or  nearly  leafless,  whilst  a 
:duction  in  the  foliage  was  not  exhibited  on  the  purely  vegetative  twigs. 

I  found  also  in  many  otherwise  deciduous  trees  that  the  flozoering  twigs 
'quired  their  leaves  later  than  did  the  purely  vegetative  ones.  Thus,  on 
ovember  21,  18H9,  in  the  botanic  garden  at  Buitenzorg,  I  saw  two  trees 

Firmiana  colorata  with  young  leaves  and  flowers.  The  flowers  were 
Jundant  on  one  of  the  trees  and  scanty  on  the  other,  but  in  both  cases 
ere  confined  to  separate  systems  of  branches.     On  the  flowering  boughs 

'  Brandis,  II,  p.  90.  ^  Ibid.  p.  20. 

^  See  p.  245. 
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the  leaves  were  still  small  and  pale,  but  on  the  sterile  ones  they  we: 
already  large  and  bright  green.  On  December  13,  after  the  flowerini 
period,  the  tree  that  had  flowered  abundantly  could  be  easily  distinguishe 
from  the  other  by  its  less  developed  foliage.  In  Meliosma  lanceolata, 
the  same  garden,  on  November  31,  I  saw  young  foliage  only  on  steri 
boughs,  whilst  the  twigs  provided  with  infructescences  or  young  inflo 
escences  still  showed  no  signs  of  foliage. 

Matiy  trees  in  their  youth,  so  long  as  they  do  not  produce  flozvcrs,  ai 
evergreen,  zvhilst  later  on  they  shed  their  leaves  before  the  impcndii 
blossoming  period.  This  is  the  case,  for  instance,  with  Schizolobium  gigai 
teum,  at  least  in  Java. 

It  is  evident  from  the  foregoing  remarks  that,  like  leaf-formation  ar 
leaf-fall,  the  development  of  flowers  depends  on  a  periodical!}-  recurrir 
internal  condition  of  the  plant.  Shoots  that  flower  continuously  no  mol 
exist  than  do  those  that  are  continuously  forming  foliage.  /;/  the  rcpr 
ductive  doviaiji,  then,  there  occurs  a  rhythmic  alternation  of  rest  and  activi 
depending  on  internal  causes. 

iii.    PERIODICALLY  DRY  DISTRICTS. 

The  rhythm  that  is  witnessed  in  leaf-formation  is  observable  also 
the  flou^er.  The  production  of  floivers  exhibits  a  correlation  with  t 
seasons  of  the  year,  ivhenever  the  seasons  display  sharply  defined  different 
In  the  reproductive  domain  this  dependence  is  likewise  a  seconda 
feature — an  adaptation  to  external  factors  on  the  part  of  physiological 
necessary  processes.  In  the  tropics  an  influence  associated  with  variatio 
in  temperature  is  exhibited  only  in  border-districts,  and  consequently  ne 
not  be  considered  here.  Over  the  greater  part  of  the  torrid  zone,  t. 
difference  in  the  seasons,  as  far  as  these  concern  plant-life,  is  expressJ 
only  in  the  atmospheric  precipitations,  and  in  particular  in  the  rainfall  ai 
the  atmospheric  humidity. 

Tlie  blossoming  of  zvoody  and  tuberous  plants  everyzvherc  zvithin  the  trap 
IS  vu^st  abundant  during  the  dry  season,  or  immediately  after  it ;  and  the 
are  precisely  plants  in  which  the  production  of  flowers  is  not  direct 
dependent  on  the  foliage.  We  frequently  find  it  stated  in  the  accour: 
of  travellers,  as  a  remarkable  phenomenon,  that  manj-  trees  blossc 
precisely  in  the  dry  season.  Belt  makes  this  statement  concerni:' 
Nicaragua,  Crliger  concerning  Trinidad,  Schweinfurth  concerning  Nub 
and  Kurz  saj's  of  the  deciduous  forests  in  Pegu,  that  most  of  the  tre 
blossom  during  the  hot  dry  season,  that  a  number  of  plants  with  rhizon^ 
and  tubers — for  instance,  Scitamineae,  Amaryllidaceae,  Orchidaceae,  Och 
suffruticosa — at  the  same  time  burst  into  blossom,  and  finally  that  t 
leafless  dried  branches  of  the  trees  are  covered  with  flowering  orchids. 

I  became  personally  acquainted  with  the  abundance  of  blossom  duri 
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ropical  dry  seasons  in  the   savannah-forests  of  Venezuela.      Most  of  the 

rees    were    Icallcss    during    my   visit    in    March,    1883  ;    not    a    trace    of 

egetative  activitj-  was  visible  on  them,  and  yet  many  of  them,  in  particular 

pecies   of  Cassia  and  other  Leguminosac,  were  completely  covered  with 

owcrs.      Epii)hytic  bromeliads    and   orchids   were    also    in    full    blossom. 

)n  the  other  hand,  the  vegetation  on  the  ground  was  almost  flowerless  ; 

was  howe\'cr  chiefly  composed  of  grasses  and  other  herbaceous  plants, 

le   plastic    substances    of  which    accumulate   chiefly   in    the    foliage    and 

jnsequently  must  be  expended  for  the  production  of  flowers  during  the 

getative  season,  that  is  to  say,  during  the  rainy  season.     In  March  their 

liage  was  as  dry  as  straw. 

A  show  of  flowers  often  even  richer,  particularly  of  perennial  herbs, 
:companies  the  first  rain  after  the  dry  season.  But  this  continually 
Ecreases  as  the  rainy  season  proceeds,  especially  as  regards  woody  and 
iberous  plants,  and  sinks  to  a  minimum  at  the  close  of  the  rainy  season  ; 
hilst  the  growth  of  the  foliage-shoots  still  continues  for  a  long  time, 
le  secondary  growth  in  thickness  attains  its  greatest  intensity,  and 
isimilation  as  well  as  other  nutritive  processes  are  at  a  maximum. 
The  fruits  of  many  woody  plants  that  have  blossomed  in  the  dry  season 
pen  during  the  ensuing  rainy  season  ;  others  require  a  longer  time, 
ct  the  ripening  season  for  most  fruits,  so  far  as  it  is  confined  to  an}- 
irticular  season,  appears  to  be  chiefly  the  rainy  season.  Accordingly 
lere  is  very  little  fruit  during  the  dry  season. 

The  favourable  influence  of  the  dry  season  on  flowering  is  not  at  all 
irprising.  On  the  contrary,  it  is  more  a  matter  for  surprise  that  certain 
lecies  of  plants  should  blossom  at  the  height  and  towards  the  end  of 
le  rainy  season.  Such  species  are  however  very  much  in  the  minority, 
pecially  when  only  woody  plants  are  taken  into  consideration.  It  has 
:en  shown  in  a  former  chapter  '  that  poverty  of  water  in  the  soil  and  in 
e  atmosphere  favours  the  inception  and  growth  of  flowers.  Blossoming 
the  dry  season,  or  soon  after  it,  is  a  phenomenon  that  is  intelligible  on 
lysiological  grounds.  Why  on  the  contrary  it  should  in  other  cases, 
re  however,  be  induced  b}'  the  great  humidity  of  the  rainy  season, 
ay  perhaps  be  correlated  in  the  case  of  woody  plants  with  certain 
laptations,  for  example  with  special  pollinating  agents  and  the  like, 
hat,  howe\er,  many  herbaceous  plants  without  persistent  stores  of  reserve 
aterial  should  blossom  during  the  rain,  is  a  necessary  consequence  of 
e  direct  dependence  of  the  flowers  on  the  foliage. 

iv.    SPECIAL   CASES. 

In  order  to  obtain   reliable  and  sufficient  results  regarding  the  influence 
the  tropical  seasons  on  the  formation  of  flowers,  I  have  collected   from 

^  See  p.  26. 
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several  '  Floras '  the  data  bearing  on  this  question  for  individual  species. 
Only  works  that  are  founded  on  local  experience  extending  over  a  number 
of  years  can  be  utilized  ;  in  others,  one  will  usually  find  that  month  given 
as  the  flowering  period  in  which  particular  specimens  happened  to  be 
collected.  However,  the  occasional  use  of  such  collectors'  data  in  part 
of  the  works  that  I  have  used  is  not  excluded  ;  but  Brandis'  data  in  his 
Forest  Flora  of  North-West  and  Central  India  may  be  accepted  with 
absolute  confidence  ;  Koorders  and  Valeton  also,  the  editors  of  a  Tree- 
Flora  of  Java,  now  coming  out  in  parts,  have  paid  critical  attention  tc 
this  question.  Besides  these  works,  the  three  published  volumes  o: 
Trimen's  Flora  of  Ceylon  and  Schomburgk's  catalogue  of  the  Flora  o 
Guiana  have  been  utilized.  In  all  these  works,  the  favourable  influent 
of  the  dry  seasons  on  the  development  of  flotvers  could  he  most  clcarl 
recognized.  The  flowering  time  of  most  of  the  species,  and  especially,  fo 
reasons  already  given,  that  of  woody  plants,  coincides  with  the  end  oj 
the  dry  season  and  the  very  commencement  of  the  rainy  season.  I 

Koorders  and  Valeton's  work  promises  when  completed  to  afford  the  mos 
important  material  for  investigating  the  connexion  between  the  flowering  timi 
and  the  season  of  the  year,  on  the  one  hand,  because  of  the  care  with  which  thi 
data  were  collected,  and  on  the  other,  because  differences  of  temperature  are  o 
no  concern  in  Java.  So  far,  therefore,  as  the  climate  in  Java  influences  th 
flowering  time,  it  can  act  onlj'  b}-  differences  in  the  atmospheric  precipitations. 

Of  22S  species  whose  flowering  time  is  given,  in  53  species  it  is  uniformly  dis 
tributed  throughout  the  j'ear,  in  12  it  commences  in  the  wet  season  (Decembc 
to  March)  and  continues  into  the  dry  season  ;  therefore  in  65  species,  or  aboi 
29  %,  atmospheric  precipitations  have  no  decided  influence  on  the  flowering  tinif 
In  142  species,  or  about  63  %,  the  flowering  time  is  limited  to  the  dry  se.aso 
(April  to  Novemberj,  either  entirelj-  or  for  the  most  part.  Onlj'  about  18  specie 
or  not  quite  8  %,  blossom  solelj'  during  the  rainv  season. 

The  annexed  table  gives  a  summarj-  of  these  data  :  — 


CLIMATE  AND   FLOWERING   TIME   IN    LWA. 


Mean  temperature. 


Dec.    Jan 


Feb. 


Mar.  Apr.  May  June  July  Aug.  [.Sept.  Oct.  |  Mo 


Batavia  (annual  25-8) . 


25-6 


25-3  25-4 


25-8 !  26-3 


26-4 


26-0 


!S7 


26-0  26-3 126-4  i  26- 


Rainfall  in  %  West  Java  . 


II      19 


East  Java  . 


16  I    22 


1.4 


o-s 


Flowering  time  in  %  of  species 

Flowering  time  independent 
of  the  rainfall 


Rainfall  61-5  % 


Rainfall  38-2  % 


% 


63% 


29% 


The  district  dealt  with  in  Brandis'  book  is  less  instructive,  because,  especial' 
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n  the  parts   relating  to  North-west   India,  the  difterenccs  of  temperature    during 
:he  seasons  ot"  the  year  arc  not  inconsiderable.     But  yet  during  the  hot  dry  season 
ind   during  the    rainy  season   they  are   at   all   events   never  very   great,  whereas 
he  diflerence  in  the  flowering  seasons  is  largely  in  favour  of  the  hot  dry  season. 
In  the  following  table  the  heading  '  Flowering  Time '  gives  the  number  of  species 
hat  were  found  in   flower  during  the   month   in  question.     The  small  number  of 
lowers  during  the  winter  may  be  due  to  the  low  temperature.     One  and  the  same 
;pecics  is  therefore  included   in  several  months,  if  its  flowering  period  extended 
)ver  several  months: — 

TEMPERATURE,   RAINFALL,   AND   FLOWERING   TIME   IN 
NORTH-WEST  AND  CENTRAL   INDIA. 

North-  West  India. 
Peshawar  (Punjab).  Rainfall 
in  mm 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

.Sept. 

Oct. 

Nov. 

Dec. 

42 

40 

40 

50 

18 

5 

44 

65 

17 

7 

25 

19 

Lahore.     Rainfall  in  mm. 

14 

34 

26 

18 

20 

41 

177 

124 

55 

17 

4 

15 

Delhi.     Rainfall  in  mm.  .     . 

22 

16 

21 

II 

19 

72 

213 

183 

112 

18 

2 

II 

Agra.     Temperature  .     .     . 

iS-6 

247 

3I-I 

34-3 

30-6 

29-1 

26-4 

20-9 

Centra/  Iiuh'a. 
Nagpur.     Rainfall  in  mm.    . 

17 

12 

16 

13 

22 

218 

322 

229 

190 

54 

8 

10 

Indore.     Rainfall  in  mm.     . 

8 

9 

0 

2 

8 

154 

289 

255 

218 

17 

I 

4 

Jabalpur.    Rainfall  in  mm.   . 
Jabalpur.     Temperature .     . 

16 

13 

12 

6 

10 

198 

450 

357 

217 

36 

7 

5 

1 6-6 

24-3 

29-3 

32-6 

26-0 

25-4 

23-4 

187 

Mean  rainfall  of  the  six  places 

20 

21 

19 

18 

16 

115 

249 

202 

135 

25 

8 

II 

54 

Flowering  Time 

64 

"3 

231 

293 

269 

189 

III 

78 

49 

43 

49 

Rain  % 

2-4 

2-5 

2-3 

2-2 

1-9 

137 

297 

24-1 

160 

30 

l-o 

1-3 

Flowering  Time  %  .     .     .     . 

4-1 

7-3 

14-9 

1 8-9 

17-4 

12-2 

7-2 

5.0 

3-1 

2-1 

3-1 

3-4 

I  have  selected  from  Trimen's  Flora  of  Ceylon  species  from  the  lowlands  only, 
ecause  reliable  meteorological  data  were  available  to  me  only  for  this  region, 
he  island  may  be  divided  into  two  parts,  a  smaller  western  and  south-western 
ortion  with  heavy  rainfall,  and  a  larger  eastern  and  northern  portion  with  less 
lentitul  rain.  More  detailed  data  regarding  the  climate  are  given  in  the 
;companying  tables  : — 
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CLIMATE   OF  CEYLON  :     LOWLANDS. 
(From  Meteorol.  Zeitschr.  i8S6,  p.  272.) 


I.    Humid  District. 

A.  West— Colombo. 

Temperature     .     .     .     . 


Jan. 


26-I 


Relative  Humidity 


78 


Feb. 


267 


71 


Mar. 


27-8 


n 


Apr. 


:8-3 


28-1 


80 


May 


June 


81 


7-3 


83 


J"iy 


27-0 


82 


Aug. 


Sept. 


26-9 


83 


27-1 


Oct. 


26-8 


82 


Nov. 


26-5 


82 


Dec. 


26-2 


80 


Cloudiness 


4-9 


4-0 


5-5 


6-8 


7-4 


6-8 


7.0 


6-8 


6-8 


6-3 


5-6 


Rainfall    in    mm.    (annual 
2,219  mm.) 


47 


142 


233 


328 


191 


137 


316 


334 


169 


B.    South— Galle. 
Temperature      .     .     . 


25-3 


26- 1 


27-1 


27-6 


27-4 


267 


26-3 


26-4 


26-4 


26-2 


2S-9 


25-5! 
90 
5-6 


Relative  Humidity 


87 


86 


86 


91 


90 


91 


91 


91 


91 


Cloudiness 


5-6 


4.9 


5-0 


6-0 


67 


7-0 


6-s 


6-6 


6-5 


67 


7-0 


Rainfall    in    mm.    (annual 
2,273  mm-) 


109 


124 


232 


284 


137 


142 


313 


291  I   161 


IL  Dry  District. 
A.    East — Batticaloa. 
Temperature     .... 


24.9 


257 


26-8 


28-1 


28-6 


28-4 


28-3 


27.9 


277 


27-0 


257 


24-8 


Relative  Humidity 


85 


85 


82 


79 


79 


82 


87 


Cloudiness 


6-9 


S-9 


S-4 


5-6 


6-8 


6-8 


6-8 


6.5 


67 


92 
6-8 


Rainfall    in    mm.    (annual 
1,332  mm.) 


206 


91 


85 


42 


41 


17 


72 


52 


146 


331 


B.    North— Jaffna. 
Temperature     .     .     . 


25-3 


26-2 


28-1 


29-s 


29-3 


287 


28-1 


27.9 


27-8 


27-4 


25' I 


25-2 

87 
6-0 


Relative  Humidity     .     .     . 


81 


n 


79 


82 


8S 


86 


85 


86 


87 


86 


88 


Cloudiness 


4-3 


3-0 


2-6 


3-7 


3-9 


5-4 


5-4 


5-6 


5.0 


5-6 


6.4 


Rainfall    in    mm.    (annual 
1,215  mm.) 


51 


34 


34 


58 


53 


14 


31 


65 


227 


375 


262 ; 


CEYLON. 

DISTRIBUTION   OF   THE   RAINFALL    IN   PERCENTAGES. 

(After  Woeikof,  Die  Klimate  der  Erde,  I,  p.  392.) 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

East  Ceylon 

12 

5 

4 

27 

3 

27 

2-5 

6 

6 

II 

22 

23 

West  Ceylon 

4 

3 

6 

10 

14 

9 

6 

6 

7 

14 

14 

7 
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CEYLON. 

MEAN   TEMPERATURES    IN   CENTIGRADE. 
(After  W'oeikof,  Die  Klimate  der  Erde,  I.  p.  379.) 


Jan. 

Mar. 

Apr. 

May 

July 
28-4 

Sept. 
28-2 

Oct. 
27.8 

Nov. 
26-6 

Year 
27-9 
267 

Jaffna  (dry) 

25.6 

28-6 

29-9 

297 

Galle  (humid) 

25.7 

27-3 

27-8 

27.7 

26-6 

26.7 

26-6 

26-2 

It  may  be  seen,  here  as  in  Java,  tliat  the  influence  of  temperature  can  be 
Dglected. 

I  consider  it  not  unlijvely  tliat  in  Trimen's  Flora  the  'flowering  seasons'  repre- 
;nt  frequently  merely  the  dates  of  collection  of  the  specimens.  Nevertheless 
ey  attest  in  the  clearest  manner,  especially  in  woody  plants,  the  favourable 
flucnce  of  the  dry  season,  and,  indeed,  corresponding  to  the  two  dry  seasons 
c  two  maxima  of  flowering  seasons,  a  larger  one  in  spring,  a  smaller  one  late 

the  summer. 

The  flowering  periods,  so  far  as  they  do  not  continue  throughout  the  year,  are 
stributed  in  Ceylon  over  the  different  months,  as  is  shown  in  the  following  table, 

which  tlie  figures  indicate  number  of  species: — 

CEYLON. 
DISTRIBUTION   OF    FLOWERING  PERIODS. 


I .  Humid  District. 
\.  Woody  plants     .     . 

B.  Herbaceous  plants  . 


Jan. 


81 


86 


Feb. 


126 


109 


Mar 


183 


83 


Apr. 


159 


SO 


May 


88 


40 


June 


67 


41 


July 


74 


52 


Aug. 


•Sept.: 


66 


60 


104 


67 


Oct. 


36 


49 


Nov, 


38 


51 


Dec. 


62 


80 


2.  Dry  District. 
\.  Woody  plants     .     . 

B.  Herbaceous  plants  , 


57 


92 


97 


77 


49 


48 


83 


79 


25 


39 


117 


147 


105 


45 


34 


35 


59 


73 


37 


89 


The  three  published  volumes  of  the  Flora  of  Ceylon  include  the  Dicotyledones, 
cept  the  Euphorbiaceae,  Urticaceae,  and  Cupuliferae.  Twenty-five  woody  plants 
d  seventy-two  herbs  are  given  as  blossoming  throughout  the  year,  but  these 
;ures  are  certainly  too  small.  It  is  indeed  not  a  rare  phenomenon  in  the  tropics, 
at  whilst  the  great  majority  of  individuals  of  a  species  are  not  blossoming,  a  small 
!mber  are  in  flower.  The  seasons  of  the  year  are  not  followed  so  strictly.  In 
^orders'  careful  reports  we  therefore  find  a  relatively  greater  number  of  species 
at  flower  throughout  the  year,  but  often  with  the  proviso  that  they  blossom  chiefly 
a  definite  season,  usually  during  the  east  monsoon.  Of  107  Javanese  trees 
■ated  in  the  first  two  parts  of  the  book,  the  flowering  seasons  of  which  may  be 
'Hsidered   as   certainly   established,    I   find   22    stated    as    blossoming   throughout 

HIMrER  c 
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the  year.     According  to  Schomburgk,  in   British   Guiana  172  dicotyledonous  an' 
36  monocotyledonous  plants  flower  throughout  the  year. 

In  Schomburgk's  catalogue  of  the  Flora  of  Guiana  the  Dicotyledones  of  th 
forest-district  only  are  considered,  because  the  Monocotyledones  are  nearly  a 
herbaceous.  The  relations  between  climate  (Georgetown)  and  flowering  perio 
are  shown  in  the  following  table  : — 

CLIMATE   AND   FLOWERING  SEASONS   IN   BRITISH   GUIANA. 


Temperature 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

De.; 

25-8 

25.8 

26-1 

26-4 

26-3 

26-1 

26-1 

26.5 

27-2 

27-3 

26-9 
142 

26-1 
275 

Rainfall 

174 

148 

185 

186 

357 

353 

274 

189 

66 

63 

Flowering  period      .... 

164 

174    1Z 

191 ' 108 

"5 

79  '  170 

184 

168 

81 

58 

The  wettest  months.  May,  June,  July,  and  December,  are  poor  in  flowers  whe 
compared  with  the  moderately  moist  months  January,  February,  and  April,  ani 
with  the  dry  months  September  and  October.  The  povertj'  of  blossom  in  Marc' 
cannot  be  attributed  to  the  climate. 


4.    THE    CAESALPINIACEAE    IN    THE    BOTANIC    GARDEN) 

AT   BUITENZORG.  I 

As  an  example  of  the  bewildering  phenomena  associated  with  periodicit 
in  the  tropics,  the  following  extracts  are  given  from  my  note-book  regarc 
ing  the  Cacsalpiniaccac  in  the  botanic  garden  at  Btdtcnzorg : — 

November  11,  1889.  Although  the  family  is  one  of  those  that  posse:. 
a  large  number  of  periodically  deciduous  trees,  yet  nearly  all  the  trees  a)| 
more  or  less  in  leaf.  The  section  stands  out  from  a  distance  as  a  ma 
of  foliage  in  several  shades  of  green.  On  examining  it  more  closely  01 
sees  for  the  first  time  a  picture  to  which  no  European  garden  can  affoi 
an  analogy — a  peculiar  intermingling  of  all  seasons. 

From  the  midst  of  the  mass  of  foliage  formed  by  the  maj'ority  of  tl 
trees,  others  stand  out  bare  and  leafless.  To  the  latter  belongs  one 
two  specimens  of  the  Brazilian  Schizolobium  excelsum,  which  howev 
bears  one  quite  young  sterile  branch  in  leaf,  whilst  the  other  branch 
possess  inflorescences  but  are  leafless.  The  other  tree  is  in  full  folia; 
and  bears  some  old  fruits.  In  its  home  in  South  Brazil  the  tree  is  ba 
of  leaves  during  winter  and  blossoms  at  its  conclusion. 

Few  trees  are  in  a  condition  comparable  with  that  of  our  own  tree 
Among  such  trees  are  Phanera  maculata  and  P.  Richardiana,  which,  wi 
their  quite  young  foliage  and  their  large  rosy-red  flowers,  present  a  pictu 
of  spring.  Near  them  stand  several  tall  trees,  Hymenaea  Courbaril  ai' 
H.  verrucosa,  whose  appearance  may  be  described  as  autumnal :  the  s( 
beneath  them  is  thickly  covered  with  dead  leaves :  their  foliage  is  for  tl 
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nost  part  }-cllo\vish  or  copper-coloured  ;  the  round  ripe  fruits,  on  long 
talks,  appear  all  over  the  crown.  In  many  places  the  fresh  green  of 
oung  shoots  glistens  through  the  yellowish  foliage.  Pileostigma  acidum 
irescnts  a  similar  appearance.  Maniltoa  gemmipara  is  dark  green  over 
he  greater  part  of  its  crown,  but  has  a  few  white  young  shoots  drooping 
IS  in  a  flaccid  condition.  Resembling  it  are  Jonesia  declinata  and 
ynometra  sp.  Amherstia  nobilis  exhibits  all  possible  conditions,  from  a 
)ud  that  is  resting  to  one  that  hangs  flaccidly  ;  likewise  from  a  red  young 
hoot  to  one  that  is  hardened  and  green  ;  also  all  stages  of  inflorescence 
re  present ;  but  fruit  is  absent,  being  never  formed  here.  The  leafy  crown 
f  Jonesia  minor  resembles  that  of  Amherstia  ;  on  the  stem  one  sees 
iiflorescences  in  all  stages,  from  the  earliest  bud  to  the  mature  orange- 
ellow  umbels,  and  fruits  from  the  moment  they  protrude  beyond  the 
orolla-tube  to  the  o\er-ripe  burst  pods. 
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CHAPTER    III 

WOODLAND  CLIMATE  AND  GRASSLAND  CLIMATEJ 

IN    THE    TROPICS 

I.  The  Kinds  of  Climatic  Formations  in  the  Tropics.  2.  High-Forest  Climate 
in  the  Tropics.  Climate  of  the  Malay  Archipelago  according  to  Woeikof.  Conditions 
of  rainfall  in  other  tropical  high-forest  districts.  Rain-forest  and  monsoon-forest  in 
Cis-gangetic  India.  Atmospheric  humidity  and  temperature.  Climatic  tables  taken  from 
tropical  high-forest  districts.  3.  Thorn-Forest  Climate  in  Cis-gangetic  India 
4.  Woodland  Climate  and  Savannah  Climate  in  Brazil.  Coast  mountain-ranges  anc 
campos  of  Sao  Paulo.  Campos  and  forests  in  Minas  Geraes.  Xerophilous  woodland 
climate  of  the  Sertiio.  5.  Climate  of  Northern  South  America  and  of  the  Antilles 
6.  Climate  of  Tropical  Africa.  West  coast.  Savannah  of  the  central  Africar 
plateau.    Summary. 

I.  THE  KINDS   OF  CLIMATIC  FORMATIOXS  IN  THE 

TROPICS. 

Tropical  ivoodland,  so  far  as  its  character  depends  on  climate  and  noi 
on  definite  effects  of  the  soil,  may  be  divided  into  four  kinds — Rain-foresr\ 
Monsooii-forcst,  Savannah-forest,  Tlwrn-forcsi.  Close  shrub-formation 
are  rare  under  favourable  physical  and  chemical  conditions  of  the  soi 
wherever  the  climate  is  too  dry  for  forests,  they  are  replaced  by  open 
half-desert  and  desert-like  formations,  in  which  xerophilous  shrubs  pla} 
the  chief  part,  but  trees  are  not  always  absent. 

The  Raiu-forcst  (Fig.  1 24)  is  evergreen,  hygrophilous  in  charactei 
at  least  thirty  meters  high,  but  usually  much  taller,  rich  in  thick-stemmei 
lianes,  and  in  woody  as  well  as  herbaceous  epiphytes. 

The  Monsoon-forest  (Fig.  125)  is  more  or  less  leafless  during  the  dr 
season,  especially  towards  its  termination,  is  tropophilous  in  characte: 
usually  less  lofty  than  the  rain-forest,  rich  in  woody  lianes,  rich  in  herba 
ceous  but  poor  in  woody  epiphytes. 

The  Savannah-forest  (Fig.  127)  is  more  or  less  leafless  during  the  dr 
season,  rarely  evergreen,  is  xerophilous  in  character,  usually,  often  muclj 
less  than  twenty  meters  high,  park-like,  very  poor  in  underwood,  liane' 
and  epiphytes,  rich  in  terrestrial  herbs,  especially  in  grasses. 

The  Thorn-forest  (Fig.  1 28),  as  regards  foliageand  average  height,  resemble 
savannah-forest,  but  it  is  more  xerophilous,  is  very  rich  in  underwoo 
and  in  slender-stemmed  lianes,  poor  in  terrestrial  herbs,  especially  i 
grasses,  and  usually  has  no  epiphytes.      Thorn-plants  are  always  plentiful. 

The  different  types  of  forest  are  connected  by  intermediate  forms,  an 
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besides  these,  transitions  are  very  frequent  between  savannali-forcst  and 
savannah  as  well  as  between  thorn-forest  and  open  busli-formations, 
ivhich  as  intermediate  forms  connect  the  formations  of  woodland  and 
desert. 

Tropical  grassland,  wherever  it  has  not  been  modified  by  human  agency, 
:)ccurs  chiefly  as  savannah,  more  rarely  as  sicppc.  The  occurrence  of 
')icadinv,  by  which  we  understand  hygrophilous  or  tropophilous  grassland, 
s  rare  in  the  tropics  and  is  always  due  to  factors  that  arc  merely  local. 

Tropical  desert  has  a  vegetation  consisting  of  scrub,  that  is  to  say, 
jf  stunted  trees  and  shrubs  or  of  shrubs  only,  also  of  succulent  plants  and 
Derennial  herbs.  Most  tropical  deserts  are  near  the  tropics  of  Cancer 
uid  Capricorn,  and  are  allied  to  the  far  more  extensive  warm  temperate 
leserts.  The  climate  of  the  tropical  deserts  will  be  treated  of  in  a  subse- 
juent  chapter  together  with  that  of  the  temperate  deserts. 

2.  HIGH-FOREST  CLIMATE  IN  THE  TROPICS. 

Brandis  declares  that  really  succcssfnl  forests  occur  only  w/ierc  tlic  rainfall 
itaiiis  forty  inches,  and  that  a  luxnriant  rich  vegetation  is  limited  to  zones 
vlierc  the  annual  rainfall  is  vinch  greater. 

The  available  meteorological  tables  for  tropical  districts  show,  in  regard 
o  land  that  is  covered  with  or  has  been  covered  with  high-forest  (rain- 
orest  or  high  monsoon-forest),  an  annual  rainfall  of  at  least  iHo  cm., 
xcepting  near  large  sheets  of  water  where  telluric  moisture  replaces 
ain.  Within  the  most  extensive  forest-district  of  the  tropics,  the  Indo- 
ilalayan,  including  New  Guinea,  an  annual  rainfall  of  over  two  meters  is 
he  rule  ;  wherever  much  less  than  two  meters  of  rain  falls,  the  indigenous 
egetation,  so  far  as  is  known,  forms  less  lofty  woodland,  as  at  many 
pots  in  East  Java,  or  creates  savannah,  as  in  Timor  (Koepang  in  Timor 
as  a  rainfall  of  145  cm.).  On  the  other  hand,  at  many  spots  the  rainfall 
xceeds  300  cm.  ;  at  several  it  exceeds  400,  at  Buitenzorg,  for  instance, 
saching  499  cm. 

Thanks  to  the  excellent  records  of  the  numerous  meteorological  stations  in  Dutch 
lalaysia,  Woeikof '  has  been  able  to  compare  the  conditions  of  rainfall  of  a  great 
umber  of  localities  there.  In  Java  the  annual  rainfall  is  given  for  62  stations  ;  it  is 
;ss  than  200  cm.  for  twelve  of  them  only,  for  five  it  is  less  than  150  cm.,  for  none  is  it 
;ssthan  100  cm.,  the  minimum  (113  cm.)  being  at  Probolinggo.  Several  of  the  above 
jcalities  are  known  to  me  personally,  for  instance  Probolinggo,  where  the  rainfall  is 
nvest.  Probolinggo  is  in  East  Java,  far  from  any  forest,  and  there,  except  man- 
roves,  I  found  in  the  wild  state  onlj'  thorny  brushwood,  xerophilous  in  character. 

he  vegetation  near  Pasoeroean,  where  the  rainfall  is  quite  as  small,  is  just  like  that 
f  Probolinggo.     It  cannot  now  be  ascertained  what  kind  of  indigenous  vegetation 

rmerly  occupied  these  parts  of  the  countrj-,  which  are  now  covered  with  planta- 

'  Woeikof  in  Zeitschr.  d.  o5terr.  Gesellsch.  f.  Meteorol.,  18S5. 


Fig. 


124.  Rain-forest  in  the  tropics.     Virgin  forest  near  Pedro  da  Onza,  Brazil, 
diagrammatic.     After  Martins. 
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tions  of  sugar-canes.  Cultivated  trees  are  frcquentl}-  met  with  in  both  localities. 
The  country  round  Huitenzorg  (rainfall  499  cm.).  Malang  (450  cm.),  Tjilatjap  I463  cm.) 
is  also  bare  of  forest-growth,  but  trees  planted  there  show  the  greatest  vigour. 
Near  Depok  (334  cm.)  some  forest  is  retained,  but  is  not  very  luxuriant.  It  is  well 
known  that  Borneo  and  Sumatra  are  completely  under  forest.  Of  22  stations  in 
Sumatra,  onlj-  one,  Kota  Badja,  has  a  rainfall  of  less  than  200  cm.  (175  cm.).  On  the 
other  hand,  four  stations  have  more  than  400  cm.  The  seven  stations  given  for 
Borneo  all  have  more  than  200  cm.,  some  of  them  more  than  300  cm.  Celebes, 
except  its  south  coast  (Kema  163  cm.),  the  Moluccas,  except  Timor  (145  cm.),  and 
Sumbawa  (109  cm.),  have  just  as  heavj'  a  rainfall  as  have  the  larger  islands.  Of 
Timor,  Forbes  says',  '  I  can  scarcelj'  saj'  that  we  had  any  true  forest,  for  the  trees 
rarely  entwined  their  crowns  overhead  and  the  ground  was  covered  with  sparse 
grass  sufficient  to  give  it  a  park-like  look.'  This  description  corresponds  to  the 
picture  of  a  typical  savannah-forest. 

New  Guinea,  according  to  the  present  scanty  data,  does  not  appear  inferior  as 
regards  rainfall  to  the  Malayan  islands.  Thus  for  Hatzfeldhafen,  24S  cm.,  for  Con- 
stantinhafen,  296  cm.,  for  Finschhafen,  288  cm.  are  given  -. 

The  peninsula  of  Malacca  also  has  probably-  a  similar  rainfall.  Singapore,  on 
a  small  island  separated  from  the  peninsula  by  a  narrow  arm  of  the  sea,  has  an 
annual  rainfall  of  240  cm.  The  island  has  been  deforested  except  for  an  eminence, 
on  which  the  rainfall  maj'  be  even  greater.  Trees  planted  anj'where  in  the  island 
show  a  very  luxuriant  growth.  Kwala  Lumpor,  in  the  State  of  Selangor,  on  the 
peninsula  itself,  has  an  annual  rainfall  of  243  cm. 

The  precipitations  in  the  Malayan  forest-district  are  nowhere  uniformly 
distributed  throughout  the  >-ear,  but  a  wet  season  (in  summer)  and  a  dry- 
one  (in  winter)  may  be  distinguished,  or  even  two  rainy  seasons.  The 
difference  between  the  seasons  is  sometimes  greater  and  sometimes  less, 
but  never  so  marked  as  in  Cis-gangetic  India  : — 

DISTRIBUTION  OF   THE  RAINFALL  IN  PERCENTAGES  OF  THE  TOTAL 
ANNUAL  RAINFALL  IN  THE  MALAY  ARCHIPELAGO. 
(After  Woeikof.) 


Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

J»iy 

Aug 

Sept. 

Oct. 

Nov. 

W.  Java  (Gedeh  group) 

9 

10 

9 

10 

10 

7 

7 

5 

5 

6 

9 

12 

NE.Java 

16 

22 

18 

12 

8 

5 

7 

3 

1-4 

0.5 

2-4 

4 

9 

II 

Sumatra  ( Paday) .     .     . 

12 

10 

9 

II 

8 

8 

s 

4 

7 

7 

9 
12 

W.  Borneo 

10 

9 

8 

9 

8 

8 

7 

S 

7 

6 

SW.  Celebes    .... 

23 

25 

16 

12 

5 

3 

4 

2-2 

0.8 

07 

0-3 

S 

The  other  tropical  districts  with  high-forest  have  rainfalls  similar  to  that 

Df  the  Malay  district.     Thus  in  Asia:    Rangoon.  250  cm.;  Colombo.  222 

ni. ;  Kandy,  212  cm.  ;  Ratnapura  (Ceylon),  384  cm.  :  Mahabaleshwar  in  the 

Western    Ghats,    723  cm.    (according  to   Woeikof,   657   cm.)  ;    Mangalore, 

'  Forbes,  op.  cit.,  p.  422.  "  Meteorol.  Zeitschr.,  1891,  p.  277. 
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338  cm.:  Saigon,  211  cm.;  Killing  in  Formosa,  305  cm. — in  Africa 
Kamerun,  388  cm.;  Gabun,  226  cm. ;  Sierra  Leone,  319  cm. — m  Avicrica 
North-East  Jamaica,  281  cm.;  Hayti  (Sanchez),  206  cm.  ;  Colon,  289  cm. 
Georgetown  (British  Guiana),  214cm.;  Paramaribo,  228  cm.;  Bahia,  32( 
cm.  ;  Santos,  250  cm. — in  Australia  :  Cape  York  (North  Australia),  220  cm, 
Papeete  (Tahiti),  218  cm.;  Samoa  (Utumapu),  212  cm.  At  certain  spot 
in  the  districts  of  tropical  high-forest  we  find  the  rainfall  as  low  as  abou 
150  cm.,  but  no  lower.  Only  on  the  Amazon  are  rainfalls  of  200  cm.  aiK 
more  the  exception  ;  there  the  forest  owes  its  luxuriant  growth  to  th 
water  in  the  soil,  and  it  consequently  does  not  form  an  extensive  continuou 
area,  but  is  confined  to  the  river-banks. 

The  distribution  of  precipitation  throughout  the  months  of  the  year  ma; 
be  given  in  millimeters  for  a  few  non-Malayan  stations  in  the  district  of  th 
tropical  high-forest : — 

DISTRIBUTION   OF   THE    RAINFALL   THROUGHOUT  THE   MONTHS   0 
THE  YEAR  IN  MILLIMETERS  IN  SOME  NON-MALAYAN  STATIONS. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug- 

Sept. 

Oct. 

Nov. 

Dec. 

Kandy  (Ceylon) 

144 

64 

79 

148 

210 

357 

357 

240 

228 

268 

241 

204 

Kamerun .     .     . 

54 

97 

214 

292 

164 

407 

1050 

473 

473 

406 

175 

73 

Colon  .... 

42 

28 

40 

54 

296 

444 

398 

259 

215 

354 

561 

196 

III  tropical  districts  wit  It  precipitations  at  all  seasons  tlic  forest  is  cvcrgrcc 
and  is  developed  as  rain-forest.  In  districts  ivitli  a  marked  dry  season  ti 
forest  is  cither  less  rich  in  foliage  during  the  dry  season,  for  instance  in  Ea 
Java,  or  is  defoliated  like  typical  monsoon-forest,  for  instance  in  the  grcati 
part  of  Cis-gangetic  India. 

The  meteorological  data  at  my  disposal  do  not  permit  of  a  very  preci 
statement  of  the  conditions  that  occasion  the  leaf-fall  in  the  great 
part  of  Cis-gangetic  India.  Besides  the  distribution  of  the  rain,  oth 
factors  certainly  intervene,  such  as  quantity  of  rainfall,  temperature,  ar 
humidity  of  the  air. 

DISTRIBUTION    OF   THE    RAINFALL   PER   MONTH    IN    MILLIMETER 
IN    CIS-GANGETIC    INDIA. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

Ratnagiri,  34  meters  above 
sea-Ievel 

27 

0-2 

0 

4 

36 

795 

839 

5" 

384 

86 

20 

S 

Mahabaleshwar,  1,380  me- 
ters above  sea-Ievel 

10 

I 

10 

23 

32 

1802 

2575 

1742 

860 

137 

28 

10 

Ratnagiri  on  the  west  coast  of  Cis-gangetic  India,  at  the  foot  of  the  Ghats, 
situated  in  a  district  where  the  forests  are  leafless  in  the  dry  season.  The  tal 
shows  that  the  dry  season  is  far  more  marked  than  in  the  Malaj-an  forest-distri 
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or  even  than  in  East  Java  ;  forests  actually  leafless  by  reason  of  drought  are  wanting 
even  in  the  latter  district.  Mahabaleshwar  is  surrounded  by  evergreen  forest.  Yet 
at  this  place  there  is  a  long  well-marked  dry  season,  which,  however,  is  less  poor 
in  precipitation  than  it  is  in  the  lowlands.  Lower  temperatures  and  abundance  ot 
moisture  in  the  soil  must  also  essentially  co-operate  in  maintaining  the  foliage. 

Of  further  significance  to  the  district  of  tropical  high-forest  is,  in  addition 
to  the  large  amount  of  rain,  the  great  atmospheric  kmnidity,  which  at 
night  approaches  saturation,  but  even  during  the  hours  of  middaj-  scarcely 
falls  below  70  y^,  at  any  rate  in  tracts  where  evergreen  forests  occur. 

The  importance  of  temperature  as  a  factor  in  the  formation  and  main- 
tenance of  tropical  high-forest  is  much  less  than  that  of  atmospheric  preci- 
pitations. It  fluctuates  between  degrees  (35-30^  C.)  which,  if  the  necessary 
humidity  be  present  throughout  the  year,  favour  all  kinds  of  vegetative 
activity.  Provided  the  soil  is  sufficiently  moist,  it  is  never  high  enough 
to  occasion  a  disproportion  between  the  outgo  and  intake  of  water  and 
to  bring  about  consequent  wilting  or  shedding  of  the  foliage.  Leaf-fall 
indeed  occurs  only  where  prevalent  great  heat  is  associated  with  a  scanty 
supply  of  water  in  the  soil  and  air. 


Tropical  High-Forest  Climate. 

BATAVIA. 
6°  11'  S.,  106°  50'  E.,  7  meters  above  sea-level. 


(From  Meteorol.  Zeitschr.,  1893,  \ 

>•  355-) 

IS66-1890. 

Temperature. 

Relative  Humidity. 

Cloudiness. 

Rainfall. 

Amount 
in  mm. 

Days. 

Mean. 

Daily  Range. 

Mean. 

Daily  Range. 

January .     . 

25-3 

5-2 

87 

24 

7-4 

35^u 

22-6 

Februar)'    . 

25-4 

5-2 

87 

23 

7-3 

317,,., 

20-4 

March    .     . 

25-8 

5-9 

86 

26 

6.7 

204 ,, 

17-3 
13-6 

April.     .     . 

26-3 

6-4 

85 

28 

5.8 

-7i,; 

May  .     .     . 

26-4 

6-6 

84 

29 

5-4 

8s„.. 

9-7 

June  .    .     . 

26-0 

6-7 

83 

30 

5-4 

88    . 

9-2 

July   .     .     . 

257 

7-2 

81 

32 

4-7 

57,  ■ 

6-9 

August   .     . 

26-0 

7-7 

78 

35 

4-1 

39  ., 

5-3 

September . 

26.3 

7-6 

78 

35 

5-0 

76  , 

7-9 

October .     . 

26-4 

7-S 

79 

34 

5-7 

108 

lO-I 

November  . 

26-1 

6-8 

82 

31 

6-8 

122    , 

13-4 

December  . 

25.6 

25.9 

6-0 

85 

27 

7-2 

233  u 

1 8-9 

Year     .     . 

6-5 

S3 

29 

6-0 

1803 

155-3 
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NORTHERN    INDIA   (SIBSAGAR). 

26°  59'  N.,  94°  40'   E.,  loi  meters  above  sea-level. 

Vegetation  in  Upper  Assam  :  dense  forest.     (From  Meteorol.  Zeitschr.,  1894,  p.  411.) 


Mean 
Temper.iture. 

Relative 
Humidity. 

Cloudiness. 

Rainfall. 
Amount 
in  mm. 

January  .     . 

14-3 

89 

S-2 

30 

February     . 

16-1 

84 

6-1 

55 

March     .     . 

197 

83 

6-6 

116 

April .     .     . 

22-9 

86 

77 

249 

May  .     .     . 

25-2 

86 

8.4 

295 

June  .     .     . 

277 

87 

9.0 

371 

July    .     .     . 

28-3 

86 

9-2 

396 

August   .     . 

28-1 

86 

87 

394 

September  . 

27-1 

88 

8-2 

301 

October .     . 

24-8 

87 
87 

6-1 

100 

November  . 

197 

4-6 

31 

December  . 

iS-5 

88 

4-2 

14 

Year     .     . 

22.4 

86 

7.0 

2381 

MANILA. 

14°  35'  N.,  127°  11'  E.,  14-2  meters  above  sea-level. 

(From  Meteorol.  Zeitschr.,  1893,  p.  73.) 


1S90. 

Temperature. 

Relative 
Humidity. 

Rainfall. 

Evaporation. 

Days. 

Amount 
in  mm. 

Days. 

Mean. 

Max. 

Min. 

Bright. 

Dull. 

January   . 

25-6 

32-3 

17-8 

78 

14 

8 

162 

7 

I 

February 

25-9 

32-8 

1 8-2 

74 

16 

5 

179 

6 

2 

March 

27-3 

34-8 

20-5 

69 

16 

5 

257 

16 

15 

April   .     . 

27-9 

35-6 

21-9 

73 

n 

8 

251 

II 

6 

May    .     . 

27.9 

257 

22-9 

79 

70 

14 

221 

2 

24 

June    .     . 

27-3 

347 

22-2 

82 

255 

.15 

208 

4 

9 

July     .     . 

27-3 

33-1 

22-4 

83 

502 

18 

150 

0 

17 

August     . 

27.4 

33-3 

22-3 

82 

131 

13 

163 

0 

12 

September 

26-5 

32-2 

22-5 

87 

539 

27 

118 

0 

26 

October  . 

26-1 

33-2 

20-4 

86 

205 

25 

145 

2 

18 

November 

25-4 

32.2 

1 8-4 

80 

210 

15 

145 

9 

15 

December 

25-2 

32-1 

17-8 

79 

45 

8 

159 

20 

2 

Year      .     26-6 

357 

17.8 

79-5 

2080 

161 

2157 

17 

147 
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SANI).\K.\N    (BRITISH  NORTH   BORNKOj. 

6''N.,  iiS°E. 

(From  Meteorol.  Zeitschr.,  1889,  p.  316.) 


iSSS. 

Temperature. 

Rel.H 

timidity. 

Rainfall. 
Amount 
in  mm. 

Cloudiness. 

9  a.m. 

3  p.m. 

9  p.m. 

Mean 
Max. 

Mean 

Min. 

3P.m- 

9  p.m. 

January  .    . 
February    . 
March    .     . 

26-1 

27-8 

25-2 

28-6 

23-3 

74 

86 

280 

5-7 

27-4 

28-5 

257 

29-0 

23-4 

68 

82 

48 

5-3 

28-5 

297 

26-3 

30-3 

23-8 

66 

82 

lOI 

3-3 

April.     .     . 

29-4 

30-4 

27-9 

32-2 

24-6 
24.7 

63 

84 

47 

27 

May  .     .     . 

29-3 

30-8 

27.1 

33-0 

63 

85 

72 

2-0 

June  .     .     . 

27-6 

31-5 

26-4 

31-8 

23-9 

62 

8S 

236 

5-0 

July    .     .     . 

27-8 

31-6 

26-9 

31-9 

24-3 

62 

81 

81 

5-0 

August   .     . 

28.3 

31-4 

26-5 

32-4 

23-8 

60 

83 

300 

3-3 

September  . 

28-0 

30-0 

267 

31-4 

23-5 

67 
69 

J5 
88 

339 

4.0 

October .     . 

28-6 

30-2 

257 

31-9 

23-9 

239 

3-3 

No%-ember  . 

28-2 

30-0 

24-8 

30-9 

23-8 

70 

86 

343 

3-° 

December  . 

28-1 

29-3 

26-1 

30-1 

24-1 

72 
66 

87 

496 

4-7 

Year     .     . 

28-1 

30-1 

26.3 

3I-I 

23-9 

84 

2582 

3-9 

GABUN    (SSIBANGE  FARM). 

0°  25'  N.,  9°  35'  E.,  90  meters  above  sea-level. 

(From  Zeitschr.  d.  osterr.  Gesellsch.  f.  Meteorol.,  i88i,p.  427.) 


iSSo. 

Temperature. 

Rel.H 

umiditv. 

Mean 
Cloudiness. 

Bright 
Days. 

Rainfall. 

Strength 

of  Wind. 

2  p.m. 

Amount 
in  mm. 

Days. 

7  a.m. 

2  p.m. 

7  a.m. 

2  p.m. 

January .     . 

23-6 

29-6 

98 

72 

5-3 

2 

170 

18 

2-2 

February    . 

23-6 

29-3 

95 

73 

7-0 

I 

271 

21 

2-2 

March    .     . 

23-8 

28-4 

95 

77 

7-9 

0 

490 

28 

1.9 

April .     .     . 

24.1 

28-9 

95 

77 

7-5 

0 

331 

25 

2-3 

May  .     .     . 

23-8 

28-4 

94 

72 

7-9 

0 

64 

17 

1-9 

June  .    .    . 

20-9 

26-3 

94 

73 

7-6 

2 

30 

3 

1.9 

July   .     .     . 

21-3 

25-2 

91 

75 

9-2 

0 

I 

10 

17 

August   .     . 

217 

26-2 

93 

77 

8-6 

0 

27 

18 

17 

September  . 

22-8 

27-6 

92 

70 

8.4 

0 

108 

21 

2-2 

October .     . 

23-3 

27-7 

95 

73 

8-5 

0 

198 

26 

2-0 

November  . 

23-0 

27-3 

97 

70 

8-3 

0 

619 

25 

1-7 

December  . 

22-9 

28-1 

97 

79 

7-9 

0 

299 

24 

1-6 

Year   .     . 

22-9 

27-8 

95 

74 

7-8 

5 

2608 

236 

1-9 

In  July  14,  in  August  15,  cloudy  days — heavy  dew. 

Vegetation  :  Virgin  forest.     A  few  huts  1,000-8,000  paces  from  the  forest. 
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KAMERUN. 

40'  3'  S.,  9°  42'  E.,  12  meters  above  sea-level. 

(From  Meteorol.  Zeitschr.,  1893,  p.  435.) 


I890-I89I. 

Temperature. 

Mean  Rel. 
Humidity. 

Rainfall. 

2  p.m. 

Absol. 
Max. 

Cloudiness. 
c  r 

Amount 
in  mm. 

Days. 

April  .     .     . 

28-3 

31-2 

88 

8.4 

292 

16 

May  .     .     . 

27-9 

31-2 

88 

8-2 

164 

19 

June  .     .     . 

26-2 

29-4 

88 

9.4 

407 

24 

July    .     .     . 

2S-3 

277 

92 

9-3 

1050 

26 

August   .     . 

25-6 

28-4 

89 

8-8 

473 

27 

September  . 

26-3 

29.0 

92 

9-1 

473 

25 

October .     . 

26-1 

29-4 

94 

8-8 

406 

26 

November  . 

27-6 

30.8 

90 

8-2 

'75 

22 

December  . 

28-2 

30-0 

90 

7-8 

73 

12 

January .     . 

28-6 

30-8 

89 

s-s 

54 

14 

February    . 

29-3 

31-0 

88 

47 

97 

12 

March    .     . 

28-8 

31-2 

88 

5-6 

214 

15 

Year    .     . 

27-3 

31-2 

90 

7-8 

3S7S 

238 

COLON    (PANAMA). 

9'  22'  N.,  79°  55'  W.,  50  meters  above  sea-level. 

(From  Meteorol.  Zeitschr.,  1886,  p.  367.) 


Temperature. 

Relative 
Humidity. 

Cloudiness. 

Rainfall. 

Amount 
in  mm. 

Days. 

6  a.m. 

I  p.m. 

Daily  Range. 

December  . 

2S-3 

28.3 

6-8 

82 

4-1 

196 

15 

January' .     . 

257 

28-0 

S-5 

78 

S-o 

42 

II 

February    . 

25-2 

27-8 

6-2 

77 

S-o 

28 

12 

March    .     . 

25-S 

28-0 

4.9 

76 

3-8 

40 

10 

April .     .     . 

26-2 

29-0 

7-6 

77 
84 

4-2 

54 

14 

May  .     .     . 

25-0 

287 

8-1 

5-9 

296 

21 

June  .     .     . 

25-0 

28-4 

7-3 

87 

7-1 

444 

26 

July   .     .     . 

25-4 

28-3 

7-4 

87 

7-3 

398 

26 

August   .     . 

24.5 

28-0 

8-1 

88 

6-9 

259 

24 

September  . 

24-4 

28-2 

8-s 

88 

6-3 

215 

21 

October .     . 

24-2 

28.1 

9-1 

88 

6.2 

354 

25 

November  . 

24-4 

28-0 

8-2 

87 

6-6 

561 

23      1 
228      1 

Year     .     . 

25.1 

28-2 

1-i         \        83 

5-7 

2887 

ii.\r 
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;.  THORN-FOREST  CLLMATIC  IN  CIS-GANGETIC  INDIA. 

The   peniii.sula  of  Hindustan    affords   the  amount    of  rainfall   necessary 

r  liigh-forest  (rain-forest  and  monsoon-forest)  only  on  its  west  coast, 
lid  a  small  part  of  its  north-east  territory  in  the  monsoon  district  of 
iie  Ganges  and  Brahmaputra.  In  the  central  parts  of  the  peninsula 
he  rainfall  is  mostly  760-1,900  mm.,  and  according  to  Hann's  map 
here  is  an  extensive  district  lying  between  80°  and  88°  E.,  the  tropic  of 
ancer,  and  18°  N.,  in  which  the  rainfall  is  about  125  cm.  The  southern 
nd  north-western  parts  of  the  peninsula  are,  on  the  whole,  much  drier 
:5Ho-76o  mm.)  ;  the  north-western  part  borders  on  the  western  district 
India. 

All  these  districts  experience  summer  and  winter  rain,  except  the 
outh-eastern  (Madras),  where  autumnal  rain  prevails.  They  are  covered 
.'ith  thorn-forest  and  semi-desert,  according  to  the  rainfall.  Tree-growth 
5  nowhere  entirely  excluded  (Fig.  126). 

The  climate  is  ever\-where  suitable  for  woodland,  never  for  grassland  : 
luring  the  vegetative  season  it  is  extremely  hot,  usually  very  dry,  the 
itter  especially  during  the  cool  winter  and  spring  months. 

Tropical  Xerophilous  Woodland  Climate. 

ROORKEE.  P.\T\A. 

29°  52'  N.,  77°  56'  E.,  270  meters  above  25°  37'  N.,  85°  14'  E.,  56  meters  above 

sea-level.  sea-level. 

(After  Woeikof  in  Meteorol.  Zeitschr.,  1894,  p.  411.) 


Temperature. 

Relative 
Humidity. 

Rain- 
fall. 

Temperature. 

Relative 
Humidity. 

Rain- 
fall. 

Mean. 

Range. 

Mean. 

Range. 

January  .     . 

13-0 

137 

70 

52 
37 

15.9 

IO-2 

69 

18 

February    . 
March    .     . 

iS-4 

12.9 

62 

1 8-4 

13-6 

57 

12 

21-6 

14-8 

52 

24 

25-1 

14-2 

43 

59 

April .     .     . 

28-0 

157 

36 

9 

30- 1 

14-0 

40 

7 

May  .     .     . 

29-0 

13-8 

42 

28 

31-2 

II-S 
7-6 

55 

46 

June  .     .     . 

32-2 

ic-s 

54 

124 

30-8 

72 

181 

July    .     .     . 

28-8 

6-0 

80 

329 

29-0 

4-5 

83 

280 

August    .     . 

28.2 

6-3 

81 

316 

287 

4-2 

84 

258 

September  . 

277 

9.4 

76 

140 

28-6 

5-3 

81 

201 

October  .     . 

22-5 

15-2 

65 

15 

26-2        8-5 

72 

70 

November  . 

i6-8 

16-5 

63 

5 

2I-0 

117 

65 

5 

December  . 

12-8 

14-4 

71 

9 

1 6-9 

I2-0 

69 

4 

Year     .     . 

23-1 

12-3 

63 

10S8 

25-2      15-9 

66 

IC90 
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4.  WOODLAND  CLIMATE  AND  SAVANNAH  CLIMATE  IN 

BRAZIL. 

Tlic  difference  between  woodland  climate  and  grassland  climate  is 
exhibited  ver)'  instructively  after  crossing  the  mountain-range  Serra  do 
Mar  on  the  coast  of  South  Brazil,  which,  stretching  from  north  to  south, 
deprives  the  sea-breezes  of  so  much  of  their  moisture  as  to  render 
them  considerably  drier  as  they  blow  over  the  Brazilian  plateau  as  far 
as  the  Andes,  which  constitute  a  mighty  barrier  that  condenses  their 
remaining  aqueous  vapour. 

East  of  the  Serra  do  Mar  stretches  the  immense  evergreen  forest  of 
the  Brazilian  coast,  usually  exhibiting  only  such  interruptions  as  culti- 
vation has  caused ;  to  the  west  savannah  predominates.  The  forest  is 
restricted  as  fringing-forest  to  the  river-banks,  or  frequently  in  the  form 
of  open  low  savannah-forest,  but  also  as  high-forest,  clothes  the  eastern 
slopes  of  the  mountain-ranges  that  are  exposed  to  the  sea-breeze  ;  it  also 
appears  in  depressions  in  the  ground,  where  water  accumulates  in  the 
soil.  It  is  only  on  the  slopes  of  the  Andes  that  true  evergreen  lofty 
rain-forest  reappears  for  the  first  time,  because,  thanks  to  their  great 
altitude,  the  mountain-slopes  rob  the  wind  of  its  remaining  moisture. 

If  we  land,  for  instance,  at  the  seaport  of  Santos  in  the  province  of 
Sao  Paulo  we  soon  perceive  from  the  fine  growth  of  evergreen  trees, 
from  the  abundance  of  epiphytes,  and  from  the  stately  lianes,  that  we 
are  within  the  district  of  the  high-forest,  even  though  this  has  been 
cleared  near  the  town.     Santos  has  in  fact  an  annual  rainfall  of  250  cm. 

Raiz  de  la  Serra,  at  the  foot  of  the  Serra  (21  meters  above  sea-level), 
has  a  still  greater  rainfall,  namely  280  cm.,  than  has  the  seaport  Santos, 
and  Alto  da  Serra  on  the  mountain-range  (800  meters  above  sea-level) 
has  as  much  as  336  cm.  Once  the  mountain-crest  is  passed,  however,  the 
rainfall  sinks  below  that  necessary  for  high-forest,  and  savannah,  not  bush- 
wood,  becomes  the  predominant  vegetation.  At  the  foot  of  the  Serra 
on  the  west  side  lies  Sao  Paulo  (740  meters  above  sea-level)  with  still 
120-150  cm.  of  rain,  but  the  rainfall  diminishes  as  we  pass  inland  and 
the  coast-mountains  become  more  distant — naturally  leaving  out  of 
account  the  mountain-ranges  in  the  interior.  Porto  Ferreira  (531  meters 
above  sea-level)  has  for  instance  1,042  mm.  The  rainfall  in  the  province 
of  Sao  Paulo  apparently  does  not  fall  below  100  cm. 

According  to  Saint-Hilaire  the  province  of  Minas  Geraes  lying  to  the 
north  of  Sao  Paulo  is  subdivided  by  the  Serra  do  Espinhago  into  an 
eastern  district  of  high-forest,  and  a  western  district  of  savannah  {cavipo) 
and  of  deciduous  savannah-forest.  In  the  high-forest  district  the  annual 
rainfall  exceeds  200  cm. ;  in  the  savannah  district  it  usually  ranges  between 
100  cm.  and  150  cm.,  and  on  the  average  does  not  attain  170  cm. 

Towards  the  south,  the  region  of  savannah,  together  with  the  savannah- 
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Fig.  ijS.  Tropical  thorn-forest,  Mexico.  S'*  iTaria,  tierra  caliente,  State  of  Vera  Cruz. 
In  the  middle  :  Cereus  polylophus,  DC. ;  behind  this,  Acacia  cotnigera.  From  a  photograph 
by  Stahl. 


To  face  p.  272.] 
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forest  that  replaces  it  on  moister  soil,  extends  over  the  interior  of  the 
provinces  of  Parana  and  Santa  Catarina  {Araucaria-savannalc)  to  Rio 
Grande  do  Sul,  where,  owing  to  the  cessation  of  tree-growth,  it  passes 
over  into  a  purely  grass  steppe,  the  pampas. 

To  the  north-west,  on  the  other  hand,  in  the  Sertilo  district,  which 
occupies  the  interior  of  Brazil  between  Minas  Geraes  and  the  basin  of 
the  Amazon,  the  savannah  gradually  gives  way  more  and  more  to  thorn- 
forest  and  thorn-scnib.  Whence  arises  this  difference  between  the 
vegetation  of  the  southern  and  northern  provinces  in  the  interior?  why 
in  the  southern  provinces  does  grassland  predominate — although  in  the 
form  of  savannah  it  is  not  quite  destitute  of  trees  and  is  interspersed 
ivith  savannah-forest — whilst  in  the  northern  provinces  woodland  pre- 
dominates?    The  climatic  differences  afford  a  decided  answer. 

The  campo-district  has  a  climate  admirably  suited  to  grassland,  in 
particular,  frequent  precipitations  and  moderate  lieat  during  the  vegetative 
season  ;  on  the  other  hand,  the  climate  includes  a  factor  unfavourable  for 
rt'oodland,  in  the  dry  cold  zvintcr^. 

Tropical  Grassland  Climate. 

BRAZILIAN    CAMPOS    (SAO    PAULO). 

23°  36'  S.,  46°  25'  W.,  745  meters  above  sea-level. 

(From  Meteorol.  Zeitschr.,  1891,  p.  146.) 


ISS7. 

remperature. 

Relative 
Humidity. 

Rainfall. 

Bright 
Days. 

' 

Amount 
in  mm. 

Days. 

Mean. 

Max. 

Min. 

January .     . 

21-4 

34-2 

15-3 

88 

300 

21 

7 

February    . 

March    .     . 

21.7 

32-2 

II.6 

82 

158 

16 

8 

19-8 

31-3 

14-3 

87 

134 

22 

6 

April .     .     . 

1 8-6 

28-8 

8-8 

87 

114 

19 

9 

May  .     .     . 

15-4 

267 

6-6 

88 

64 

13 

10 

June  .     .    . 

iS-i 

26-0 

6-8 

88 

17 

4 

21 

July    .     .     . 

14-0 

25-0 

5-4 

86 

23 

10 

14 

August    .     . 

13-9 

30-4 

6-3 

74 

6 

6 

20 

September  . 

17-3 

33-2 

8-8 

93 

177 

22 

7 

October .     . 

18.5 

330 

S-7 

86 

137 

16 

13 

[November  . 

19-0 

32-8 

8-5 

80 

79 

IS 

15 

December  . 

21-3 

32-1 

13-5 

83 

288 

24 

7 

Year    .     . 

1 8-0 

34-2            5-4 

85 

1497 

188 

137 

Evaporation:   18S7,  545-2  mm. ;   18S8,  454-0  mm. 

According  to  the  five  years'  observations  of  Joyner  (Meteorol.  Zeitschr.,  18S6,  p..  312) 
he  mean  lowest  temperatures  are— May,  2-7  ;  June,  1-7;  July,  2-i  ;  August,  0-7. 

'  See  p.  174. 
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BRAZILIAN  CAMPOS  (TATUHY,  PROVINCE    OF   SAO   PAULO). 

23°  20'  S.,  48°  10'  W.,  600  meters  above  sea-level. 

(From  Meteorol.  Zeitschr.,  1891,  p.  146.) 


18SS. 

Temperature. 

Relative 
Humidity. 

Rainfall. 

Days  of 
complete 
Sunshine. 

Amount 
in  mm. 

Days. 

Mean. 

Max. 

Min. 

January .     . 

21-8 

33-6 

I2-0 

75 

103 

7 

18 

February     . 

207 

35-5 

14-5 

76 

124 

17 

10 

March    .     . 

21-4 

33-9 

13-9 

81 

105 

12 

13 

April .     .     . 

16-3 

30.9 

7-0 

90 

8 

4 

16 

May  .     .     . 

16.3 

277 

2-2 

90 

206 

13 

12 

June  .     .     . 

14-8 

25-6 

4.0 

82 

36 

4 

19 

July    .     .     . 

14-2 

25-0 

4-0 

83 

18 

4 

26 

August   .     . 

i6-i 

277 

297 

5-3 

82 

135 

8 

19 

September. 

1 8-6 

107 

85 

152 

II 

II 

October.     . 

21-8 

34-0 

7-8 

85 

211 

15 

8 

November  . 

21-4 

34-3 

1 6-0 

85 

285 

17 

9 

December  . 

23-4 

357 

II-O 

85 

20 

IS 

9 

Year    .     . 

l8-9 

35-7 

2-2 

83 

1393 

127 

170 

Evaporation :  736  mm. 

RAINFALL  IN  MILLIMETERS  OF  THE  CAMPOS  OF  MINAS  GERAES. 
(After  Draenert  in  Meteorol.  Zeitschr.,  1886,  p.  390.) 


UEERABA. 

I(/3.1'!5•.48^=.' 

W.,750  meters 

abovesea-level. 

3  years. 

CONGONHAS- 
DE-SABARA. 

I9°47'S.,44°I9' 

W.,695  meters 

abovesea-level. 

25  years. 

QUELUZ.    20° 
40'S.,44°I7'VV., 

98  2  meters 

abovesea-level. 

I J  years. 

December  . 

2II-3 

390 

339-1 

January  .     . 

308-3 

299 

3017 

February     . 

321-3 

221 

303- 1 

March    .     . 

142-3 

192 

94'5 

April .     .     . 

109-3 

52 

29-2 

May  .     .     . 

31-3 

36 

31-2 

June  .     .     . 

25-0 

15 

12-0 

July  .     .     . 

137 

II 

22-3 

August  .     . 

29-3 

13 

19-5 

September . 

597 

53 

109-0 

October .     . 

137-3 

121 

87-5 

November  . 

172-0 

234 

104-0 

Year    .     . 

1 560.8 

1637 

I453-I 
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RAINF'ALL  IN   MILLIMETERS  OF  THE  IIIGH-FOREST 
IN   MINAS  GERAES. 

CONGO    SOCO. 

19'  58'  S.,  43"  33'  W.,  1,090  meters  above  sea-level.     Two  years'  observations. 
(After  Draenert  in  Meteorol.  Zeitschr.,  1S86,  p.  390.) 

Dec.       Jan.       Fcl).       M.ir.       .\i)r.       May      June       July       -Vug.     .Sept.     Oct.        Nov.     Year 
369-6    604-3    537-7    253-0    172-0     57-9      55-1      34-0      20-3      93-2    169-7     573-5  2939-3 

The  climate,  however,  is  not  so  unfavourable  for  tree-growth  as  to 
Drevent  small  xerophilous  savannah-trees  from  establishing  themselves 
n  the  prairie  and  thus  lending  to  it  the  character  of  a  savannah.  At 
he  points  where  water  is  more  plentiful  in  the  soil,  where  the  winds 
3I0W  less  strongly  especially  during  winter,  where  atmospheric  humidity 
s  greater,  woodland  prevails  over  grassland,  so  that  the  whole  district 
hows  the  alternation  of  both  formations  in  its  park-like  features. 

In  contrast  zi'ith  its  sonthcrn  portion,  tlic  middle  part  of  Central  Brazil, 
he  so-called  Sertdo  district,  possesses  a  xerophilous  ivoodland  climate. 

Here  the  year  is  hot  throughout,  at  times  very  hot,  and  there  are  no 
Iry  cold  winter  months  that  are  so  inj'urious  to  woodland  ;  on  the  other 
land,  the  climate  includes  factors  unfavourable  to  grassland  in  the  more 
onsiderable  heat  and  the  small  amount  of  precipitation  over  the  greater 
lart  of  the  district,  except  the  coast.  Finally,  the  vegetative  season  is 
nuch  interrupted  by  hot  dry  periods. 

The  Sertao  district  is  therefore  much  richer  in  woodland  than  is  the 
outhern  cooler  campos  district.  Tree-growth  is  richer  in  the  savannah, 
xtensive  tracts  are  covered  by  savannah-forest  and  thorn-forest,  in  general 
.•Qodland  strongly  predominates  over  grassland.  To  explain  in  detail 
.'hy  woodland  occurs  in  one  place,  and  why  grassland  in  another,  is  at 
'resent  only  partially  possible,  for  there  is  a  lack  of  accurate  data  of  the 
leteorology  and  local  constitution  of  the  soil,  and  the  soil  plays  an 
Tiportant  part  in  such  mixed  districts^. 

Quite  a  narrow  strip  of  coast  in  the  province  of  Pernanibuco  possesses  a  verj- 
eavy  rainfall,  a  real  high-forest  climate  (Pernambuco,  297  cm.).  Tree-growth  is 
xtremely  lu.\uriant  in  the  public  grounds  of  the  principal  town,  but  there  is  no 
iformation  available  regarding  the  indigenous  vegetation. 

'  See  Part  III,  Sect,  I,  Chap.  V. 
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Tropical  Xerophilous  Woodland  Climate. 

THE     SERTAO. 
(After  Draenert  in  Meteorol.  Zeitschr,,  1886,  p.  390,  and  1SS9,  p.  28.) 


COLONIAISABEL(PROV. 
PERNAMBUCO).    S"  45' 
S.,  35°42'  \V.,  2  29  meters 
above  sea-level,  .about  So 
kilom.    from    the    coast. 
,6|  years'  observations. 

VALLE  DO 
ALTO  PAR- 

NAHYBA. 
About  6'  S. . 
4.^  30'  W., 
124  m. above 

sea-level. 

FOKTALEZA 

OR  CEARA. 

3°  44' S.,  38^ 

31'  W.,  at 

sea-level. 

SANT.\    ANNA    DO    SOBR.\. 
DINHO  on  the   lower  river. 
About  9°  26'  S.,  40°  47'  \V., 
about  321  meters  above  sea- 
level,   Soo   kilom.   from   the 
coast.      R.    San    Francisco. 
3  years'  observations. 

Mean 
Temp. 

Relative 
Humidity. 

Rain- 
fall. 
Amt. 
in  mm. 

Rainfall. 
Amount 
in  mm. 
I  year's 
observations. 

Rainfall. 
Amount 
in  mm. 
2S  years' 
observations. 

Relative 
Humidity. 

Rainfall. 

Amount 
in  mm. 

Days. 

January  . 

25-0 

68 

36-1 

219-0 

68-6 

67 

78 

3-7 

February 

24-4 

69 

46-6 

109.8 

200-0 

73 

40 

6-0 

March     . 

25-2 

74 

77-7 

234-4 

291-9 

77 

148 

7-0 

April  .     . 

24-5 

76 

1447 

Sl-4 

372-6 

77 

II 

1-3 

May   .     . 

23-4 

79 

I93-0 

55-4 

276-8 

84 

5 

I-O 

June    .     . 

22-3 

81 

I44-S 

o-o 

137-5 

77 

7 

1-7 

July     .     . 

21-4 

81 

154-7 

0-0 

48-9 

78 

I 

0-5 

August     . 

21-3 

79 

124-9 

o-o 

15-3 

70 

0 

0-0 

September 

22-2 

75 

49.9 

0-0 

12-7 

64 

12 

0-2 

October  . 

23-6 

68 

19-2 

93-8 

14-3 

64 

38 

2-5 

November 

24-8 

64 

19-5 

91-0 

14-4 

66 

II 

1-5 

December 

25-1 

65 

25-9 

So-8 

38-6 

67 

22 

2-3 

Year      . 

237 

73 

1037-0 

965-6 

1491-5 

72 

373 

27-7 

Rainfallin  1884  =  399,1885 
—  527,  1886=  186  mm. 

5.  CLIMATE   OF   NORTHERN    SOUTH    AMERICA  AND  OF 

THE   ANTILLES. 

Between  the  richly  forested  districts  of  the  Amazon  basin  and  of  th 
southern  part  of  the  Orinoco  basin  lies  the  snnall  savannah  district  ( 
Guiana,  regarding  the  climate  of  ^\■hich  there  are  no  data.  North  of  tl" 
Orinoco,  up  to  the  wooded  mountainous  coasts  of  the  Caribbean  Sc 
stretches  the  wide  prairie  district  of  the  llanos-,  usually  a  typical  savanna. 
in  some  places  with  very  scattered  trees,  in  others  with  more  dense! 
crowded  trees.  According  to  my  own  observations,  high-forest  occu 
as  fringing-forest  along  the  water-courses ;  savannah-forest  occurs  at  tl 
foot  of  the  Cordilleras  on  the  cos-st,  pari  passu  with  an  increasing  rainfa 
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and  also  in  moist  depressions  in  the  ground,  in  the  same  way  as  in  the 
canipos. 

Only  general  facts  arc  known  regarding  the  climate  of  the  llanos ; 
accurate  meteorological  data  are  wanting.  Yet,  from  the  available  material, 
the  climate  may  be  described  as  one  hostile  to  tvoodland.  The  year  is 
divided  into  a  quite  rainless  dry  season  of  five  months,  which  is  con- 
temporaneous with  our  winter  and  early  spring,  and  into  a  rainy  season, 
which  begins  at  the  end  of  April.  In  the  climate  of  the  llanos  it  is 
the  dry  season  tliat  is  hostile  to  ivoodlaiid,  for  during  the  greater  part  of 
its  duration  the  dry  easterly  trade-wind  blows  almost  continuousl)-,  and 
usually  with  extreme  intensity,  and  is  associated  with  great  heat  and 
excessive  dr)-ness  of  the  air. 

A  li'indy  dry  season  is  unfavourable  to  woodland,  whereas  it  does  no 
harm  to  the  thoroughly  dried  up  prairie,  whose  existence  is  maintained 
only  in  the  subterranean  parts  of  its  plants,  except  when  the  season  is 
immoderatel)-  prolonged.  Such  abnormally  long  periods  of  drought  are 
not  rare,  but  they  are  far  more  fatal  to  woodland  than  to  grassland. 

In  the  llanos,  according  to  Humboldt,  //  rains  continuously  during  the 
rainy  season.  This  directly  favours  the  prairie,  whose  existence,  as  we 
know,  depends  more  on  very  frequent  showers  than  on  heavy  ones  during 
the  vegetative  season. 

The  following  extracts  from  Hann's  '  Klimatologie '  give  the  character- 
istics of  the  climate  of  the  llanos  : — 

' "  The  clearness  of  the  air  from  December  until  February  is  incomparable.  The  sky 
s  continuously  cloudless,  and  the  presence  of  a  single  cloud  is  a  phenomenon  that 
engages  the  attention  of  all  the  inhabitants.  The  wind  blows  strongly  from  the  east 
uid  north-east"  (Humboldt). 

C.  Sachs  stayed  at  Calabozo  (9°N.,  150  ni.  above  sea-level)  in  the  dry  season  (Dec. 
:S76  until  Feb.  1877).  He  found  a  morning  temperature  of  22-25°  C.  before  sunrise, 
ind  34-35°  between  i  and  2  p.m.  In  February,  the  mean  temperature  between  i  and 
:  p.m.  is  35-9°,  and  the  relative  humidity  30%,  and  sometimes  only  16%.  The  east 
rade-wind  blows  constantly  from  sunrise  until  noon.  Complete  drought  prevails 
or  five  months,  during  which  there  is  no  dew.  In  April  the  rainj'  season  begins, 
ind  the  land  that  has  been  parched  into  a  desert  becomes  clothed  once  more  with 
lense  vegetation '  (pp.  365-6). 

The  small  western  islands  of  the  West  Indian  archipelago  are  occupied 
ly  woodland,  which  is  favoured  by  the  great  humidity  of  the  air.  The 
voodland  is  composed  sometimes  of  rain-forest,  as  in  Dominica,  sometimes 
f  thorn-forest,  as  in  St.  Kitts,  according  as  the  rainfall  is  greater  or  less 
han  about  150  cm. 

I  am  personally  acquainted  with  the  vegetation  of  the  two  islands,  regarding  the 
ainfall  of  which  data  are  given  below.  The  rainfall  in  Dominica,  as  I  know  from 
xperience,  is  considerably  heavier  in  the  mountains,  where  the  high-forest  shows 
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the    greatest   luxuriance   of  growth,   than   at    Roseau,   or   on   the   coast  generally. 
St.  Kitts  does  not  possess  such  lofty  mountains  as  Dominica. 

RAINFALL   IN    THE  LESSER   ANTILLES. 
(From  JNIeteorol.  Zeitschr.,  1886,  p.  462.) 


Rainfall  at  Roseau  in  Dominica. 
The   mean   of  21    years    (1S65-1885I    is 

1,901  mm. ;  the  minimum  during  this  period 

1,309,  the  maximum  2,690. 

Monthly  mean  :  mm. 

December 145 

January 148 

February 71 

March 56 

April 61 

May 73 

June 207 

July 266 

August 274 

September 223 

October 176 

November 200 


Rainfall  in  St.  Kitts. 

The   mean   of  30   years  (1S56-18S5)  is 

1,292  mm.;  the  minimum  S95,  the  nia.ximum 

2,111.  200  cm.  exceeded  only  in  one  year. 

Monthly  mean :  mm. 

December 96 

January 103 

February 48 

March 55 

April 90 

May 98 

June 9: 

July 105 

August 144 

September 154 

October 173 


November 134 

The  Greater  Antilles,  Jamaica,  Hayti,  and  Cuba  possess  partly  high-forest,  partly  thorn- 
forest  or  perhaps  savannah.  It  is  impossible  to  give  from  the  available  literature  any 
distinct  impression  of  the  vegetation  of  these  islands. 


6.  CLIMATE  OF  TROPICAL  AFRICA. 

A  frequent  alternation  of  forest  and  savannah  reveals  itself  on  the  west' 
coast  of  tropical  Africa. 

True  desert  stops  a  little  south  of  the  tropic  of  Cancer  and  is  replaced  by  a  still| 
very  scanty  open  woodland  vegetation,  with  Adansonia  digitata  and  Borassus 
flabelliformis  (Saint  Louis,  16°  N.,  16'"  33'  W.,  with  rainfall  42  cm.  ;  Goree,  14°  39'  N.- 
17''  24'  W.,  with  rainfall  of  53  cm.).  Tree-growth  becomes  richer  and  more  luxuriant| 
further  south.  Round  Sierra  Leone  (rainfall  of  319  cm.)  plains  and  mountains  are 
covered  with  high-forest.  On  the  Ivory  and  Gold  coasts  (Elmina,  5°  4'  N.,  i°2o'  W. 
with  rainfall  of  72  cm. ;  Christiansborg,  5°  32'  N.,  0°  8'  W.,  with  rainfall  of  58  cm.)  the 
vegetation  is  again  poorer.  East  of  Akra,  in  the  Gulf  of  Benin,  true  savannah  with 
fan-palms  prevails  (Lagos,  9°  26'  N.,  3°  30'  E.,  with  rainfall  of  172  cm.,  from  two  years 
observations) ;  the  country  at  the  mouth  of  the  river  Niger  (4°  17'  N.,  6°  4'  E.)  and  thai 
of  Kamerun  (4°  N.,  9'  40'  E.,  with  rainfall  of  249  cm.i  and  Gabun  (0°  22'  N.,  9°  23'  E. 
with  rainfall  of  226  cm.)  are  all  covered  with  rain-forest ;  in  the  highlands  of  Gabun 
however,  savannah  rich  in  trees  predominates.  South  of  the  Ogowe  (0°  40'  S.,  9°  E. 
the  savannah  gains  the  mastery  even  along  the  coast,  and  rain-forest  is  found  by  rivers 
and  lagoons  only.  In  Jumba,  forest  (rain-forest?),  interrupted  by  savannah,  reappear; 
up  to  the  mouth  of  the  Kiulu,  south  of  which  savannah  with  fan-palms  and  baobab- 
trees  predominates  (Chinchosho,  5°  9'  S.,  12°  4'  E.,  with  rainfall  of  108  cm.).    The  las' 
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great  forests,  possibly  rather  as  fringing  forests,  clothe  the  plains  at  the  mouth  of  the 
Congo  (9°4'S.,  12°  15'  E.j,  whilst  the  highlands  on  the  lower  Congo  (San  Salvador 
6°  17'  S.,  14°  53'  E.,  with  rainfall  of  998  mm.)  are  covered  with  savannah.  South  of 
the  mouth  of  the  Congo,  again,  we  at  once  find  savannah  with  gigantic  Adansonia. 
In  the  southerly  direction  the  savannah  becomes  continually  poorer,  and  at  Kinsembo 
a  desert  character  is  assumed,  where  succulent  plants  like  Euphorbia  and  Aloe 
predominate.  North  of  Mossamedes  (15°  n'  S.,  12°  8'  E.),  Welwitschia  mirabilis 
first  shows  itself,  the  grass  vegetation  becoming  constantly  scantier,  and  beyond  the 
Kunene  (17°  30'  S.,  14°  E.),  the  river  bounding  Lower  Guinea,  only  scattered  tufts  of 
grass  and  accommodating  thorn-plants  grow  on  the  parched  and  stonj'  ground. 

In  the  preceding  remarks,  the  distribution  of  high-forest — possibly 
rain-forest  throughout — and  of  savannah  is  shown  in  the  clearest  manner 
to  be  dependent  on  the  amount  of  rainfall.  Everywhere  high-forest  alone 
predominates  when  the  rainfall  attains  200  cm.  in  the  year,  but  is  entirely 
supplanted  by  savannah  when  the  rainfall  does  not  exceed  170-180  cm. 
Finally  savannah  gradually  dwindles  into  desert  at  a  rainfall  of  30-35  cm. 

Here  and  there  in  fertile  districts,  especially  where  there  is  much 
atmospheric  humidity,  savannah  alternates  with  savannah-forest,  which 
appears  to  be  absent  from  other  districts,  for  instance  the  high  plateau 
on  the  Congo  and  to  the  south  of  the  mouth  of  the  Congo. 

Should  the  inquir}-  be  made,  win-  districts  that  are  too  dr\-  for  high- 
forest  are  occupied  by  savannah,  which  is  grassland,  and  not  by  scrub, 
we  may  reply  that  the  frequency  of  the  precipitations  shown  by  the  great 
number  of  rainy  daj's,  as  well  as  the  not  very  high  temperature,  are 
favourable  to  grassland.  Pechuel-Losche  mentions  the  by  no  means  rare 
occurrence  of  prolonged  periods  of  drought  on  the  Congo  coast,  for 
instance  years  with  only  20  centimeters  of  rainfall,  and,  as  has  been 
explained  already,  such  droughts  are  much  less  fatal  to  the  continued 
existence  of  grassland  than  to  that  of  woodland.  The  heavy  dew  of  the 
normal  dry  season  will  possibly  continue  during  these  periods  of  drought 
to  moisten  the  surface  of  the  ground,  but  is  of  no  value  to  the  roots  of 
woody  plants.  Our  meteorological  table  for  San  Salvador,  on  the 
savannah-clad  highlands  of  the  lower  Congo,  shows  that  strong  winds 
prevail  there,  especially  during  the  dry  season.  This  circumstance, 
unfavourable  to  woodland,  favours  grassland.  Our  present  knowledge 
of  the  African  climate  is,  however,  still  too  incomplete  to  aft'ord  a  com- 
pletely satisfactory  answer  to  the  question  postulated. 

Our  meteorological  knowledge  of  the  savannah  districts  on  the  elevated 
plateau  of  central  tropical  East  Africa  is  still  very  incomplete,  but  the 
available  data,  for  instance  the  tabular  statement  given  below,  exhibit 
1  typical  savannah  climate,  with  a  moderately  hot  vegetative  season,  during 
.vhich  the  rainfall  is  about  100  centimeters  in  very  frequent  showers,  as  the 
lumber  of  rainy  days  tells. 
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Tropical  Grassland  Climate. 

WEST   AFRICAN    SAVANNAH    (LOANGO,    CHINCHOSHO). 

5°  9'  S.,  12°  4'  E.,  12  meters  above  sea-level.      2  years. 

(After  Danckelmann,  op.  cit.) 


Temperature  (1874). 

Rel.  Humidity. 
Mean  (1874). 

Days  (1875). 

Rainfall  in  1S75. 

6  a.m. 

2  p.m. 

Bright". 

Cloudy'. 

Days. 

Amount 
in  mm. 

January .     . 

22-79 

27-04 

87 

0 

6 

13 

311 

February     . 

24-17 

28-45 

84 

0 

5 

14 

301 

March    .     . 

23-77 

28-44 

82 

I 

8 

16 

267 

April .     .     . 

22-92 

26-24 

88 

0 

S 

17 

202 

May  .     .     . 

21-56 

24-70 

86 

2 

8 

107 

June  .     .     . 

20-50 

23-99 

86 

II 

2 

0 

0 

July  .     .     . 

19-06 

22-84 

84 

4 

0 

0 

August  . 

19-37 

22-OI 

88 

13 

4 

8 

September  . 

21-79 

23-91 

83 

18 

4 

II 

October .     . 

23-26 

25-94 

84 

0 

8 

7 

10 

November  . 

23-88 

27-69 

85 

0 

9 

9 

170 

December  . 

23-49 

27-75 

85 

8 

3 

3 

25 

Year    .     . 

28 

83 

95 

1412 

The  rainfall  is  extraordinarily  variable,  and  in  some  years  has  apparently  been  as  low 
as  200  mm.,  but  accurate  observations  are  not  forthcoming.  Heavy  dews  in  the  dry  season 
often  correspond  to  a  precipitation  of  3  mm. 

WEST  AFRICAN    SAVANNAH    (CONGO,    SAN    SALVADOR). 

6°  17'  S.,  14°  53'  E.,  579  meters  above  sea-level  (high  plateau). 

(From  Meteorol.  Zeitschr.,  188S,  p.  394.) 


ISS3-I8S6. 

Temperature. 

Rel.  Humidity. 

Cloudiness. 

Rainfall. 

Mean 
Strength 
of  Wind. 

Evapo- 
ration. 

Amount 
in  mm. 

Days. 

9  a.m. 

3  p.m. 

9  a.m. 

3  p.m. 

9  a.m. 

3P-m. 

January .     . 

23-4 

27-8 

80 

61 

7-8 

6.4 

59 

II-O 

5-4 

147 

February     . 

24-0 

28-9 

80 

59 

7-5 

6-9 

118 

1 1-7 

5-8 

150 

March    .     . 

24-3 

28-4 

79 

60 

7-3 

5-6 

132 

IO-7 

6-0 

129 

April .     .     . 

24-0 

28-2 

84 

67 

7-8 

7-2 

271 

17-3 

4-4 

100 

May  .     .     . 

22-5 

27-7 

88 

65 

8-3 

5-3 

87 

9-3 

5-4 

88 

June  .     .     . 

19-9 

26-6 

87 

58 

8.4 

2-9 

8 

5.0 

5-1 

59 

July  .    .    . 

18-7 

25-5 

84 

53 

1-1 

2-3 

0 

1-5 

lO-I 

no 

August  .    . 

19-2 

25-9 

81 

52 

7-6 

4-6 

0 

3-5 

8-3 

130 

September  . 

20-3 

27-1 

80 

56 

8-5 

5-3 

0 

3-0 

8-9 

143 

October .     . 

21-8 

27-5 

84 

59 

8-8 

7-3 

42 

9-5 

8-4 

.58! 

November  . 

22-3 

27.0 

86 

66 

9-2 

1-1 

194 

16-5 

6-7 

120 

December  . 

22-8 

27.0 

85 

66 

8-9 

6-8 

n 

I2-0 

5-7 

120 

Year     .     . 

219 

27-3 

83 

60 

8-1 

5-6 

988 

III-O 

6-7 

1454 

'  Clou 

diness= 

=3  and 

less. 

=  Cloudir 

less  =  8 

or  more. 
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SAVANNAH  ON  THE  CENTRAL  AFRICAN  PLATEAU  (KAKOMA 

AND  IGONDA). 

5°  40'  S.,  32°  35'  E.,  1,120  meters  above  sea-level. 

(From  Meteorol.  Zeitschr.,  1887,  p.  421.) 


ISS1-IS82. 

Te 

mperatiire. 

Rel.  H 

imidity. 

Cloudiness. 

Rainfall. 

Amount 
in  mm. 

Days. 

•J  a.m. 

2  p.m. 

Mean. 

7  a.m. 

2  p.m. 

March    .     . 

ig-o 

26-8 

21-6 

95 

58 

8-0 

293 

27 

April .     .     . 

18-6 

27-3 

21-4 

94 

55 

57 

114 

17 

May  .     .     . 

16-7 

29-0 

20-8 

91 

43 

2-6 

13 

4 

June  .     .     . 

I2-0 

28.5 

i8-o 

90 

28 

i-i 

0 

0 

July   .     .     . 

1 1.9 

29-5 

18-8 

86 

24 

1-3 

0 

I 

August   .     . 

1 5-4 

30-5 

21-7 

25.7 

72 

52 

23 

2.4 

0 

0 
2 

September . 

20-4 

31-5 

23 

3-0 

0 

October.     . 

21-6 

33-2 

26-8 

52 

18 

2-4 

0 

0 

November  . 

22-3 

32-1 

25-9 

60 

26 

3-9 

73 

9 

December  . 

20.3 

277 

23-1 

82 

52 

6-0 

124 

22 

January .     . 

20-0 

28-2 

23-0 

81 

45 
69" 

5-3 

115 

15 

February    . 

1 8-4 

24-1 

20-4 

93 

7-3 

26s 

15 

Year     .     . 

l8-o 

29-0 

22-3 

79 

38 

4-5 

997 

112 

The  months  of  June  to  November  (dry  season)  are  very  windy  ;   the  south-east  wind 
greatly  predominates.     Savannah  fires  begin  in  IVLiy. 

Tropical  Xerophilous  Woodland  Climate. 

LADO    OX    THE    UPPER   NILE. 

5°  2'  N.,  31°  44'  E.,  465  meters  above  sea-level. 

(From  Meteorol.  Zeitschr.,  1890,  p.  109.) 


I87S-1884. 

Temperature. 

Rel.  Humidity. 

Mean 
Cloudiness. 

Rainfall. 

Velocity 
of  Wind. 

Days. 

Amount 
in  mm. 

7  a.m. 

2  p.m. 

7  a.m. 

2  p.m. 

January .     . 

23-4 

347 

62 

29 

2-3 

0-5 

0 

2-0 

February     . 

24-6 

35-2 

62 

30 

4-1 

37 

0-2 

2-1 

March    .     . 

26.5 

35-1 
32-9 

74 

43 

5-0 

lo-S 

270 

1-9 

April  .     .     . 

26-4 

74 

50 

6-2 

16-2 

135-6 

2-1 

May  .    .     . 

25-0 

30-9 

85 

60 

6-0 

15.2 

86.8 

2-0 

June  ,    .     . 

23-6 

29-5 

91 

60 

6-3 

19-0 

151-4 

2-0 

July   .    .    . 

23-0 

28-8 

90 

62 

6-4 

17-0 

217-8 

1-9 

August   .     . 

230 

28-6 

88 

65 

5-9 

1 8-4 

128-8 

1-9 

September  . 

23-0 

22-6 

29-1 

88 

56 

60 

15-8 
14-0 

122-8 

1-9 

October .     . 

30-2 

79 

57 

57 

56-5 

1-9 

November  . 

22-5 

31-8 
337 

75 

51 

4-5 

87 

20-0 

2-0 

December  . 

22-7 

55 

24 

3-2 

27 

1-6 

2-0 

Year    .     . 

239 

317 

77 

49 

5-1 

1417 

948-5 

2-0 
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SUMMARY. 

If  we  summarize  the  results  of  this  chapter,  we  arrive  at  the  following 
conclusions : — 

I.  With  at  least  i8o  cm.  of  rainfall,  the  high-forest  alone  predominates. 
In  regard  to  rainfalls  of  150-180  cm.  no  data  are  available. 

3.  With  90-150  cm.  of  rainfall  there  is  a  struggle  between  xerophilous 
woodland  and  grassland.  Xerophilous  woodland  gains  the  victory  when 
greater  heat  and  more  prolonged  rainless  periods  prevail  during  the 
vegetative  season  ;  grassland  succeeds  when  a  milder  temperature,  a  more 
even  distribution  of  rainfall  during  the  vegetative  season,  and  windy  dry 
or  frosty  seasons  prevail. 

3.  With  a  rainfall  below  90  cm.,  xerophilous  scrub,  in  particular  thorn- 
forest  and  thorn-bush,  prevails;  both  of  these,  if  the  precipitation  be  less 
pass  over  into  open  scrub  (semi-desert). 
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CHAPTER    IV 
TROPICAL   DISTRICTS   CONSTANTLY   MOIST 

I.  Distribution  of  the  Tropical  Rain-Forest.  2.  General  Character  of  the 
Tropical  Rain-Forest,  i.  External  Aspect  of  the  Forest.  Surface  and  profile, 
ii.  Interior  of  the  Forest.  Variable  density.  Frequent  and  widespread  constituents  of 
the  flora.  Woody  plants.  Herbs.  Lianes.  Epiphytes.  The  struggle  for  light.  Atmo- 
spheric humidity,  iii.  Tropical  Rain-Forest  in  Asia.  Vegetation  and  flora  on  the  Gedeii 
and  Salak  in  Java.  Characteristic  forms.  Occurrence  of  brightly-coloured  flowers. 
Rain-forest  in  Pegu,  according  to  F.  Kurz.  iv.  Tropical  Rain-Forest  in  Africa.  The 
forest  of  the  Loango  coast  according  to  Pechuel-Losche.  Rain-forest  in  Usambara. 
V.  Tropical  Rain-Forest  in  America.  y\.  Tropical  Rain-Forest  in  Australia  and 
Polynesia.  3.  Oecological  Characteristics  of  Plants  growing  in  the  Rain-Forest 
i.  Trees  and  Shrubs  of  the  Rain-Forest.  The  stems  of  the  trees.  Planlc-buttresses. 
Bark.  Branching,  ii.  Terrestrial  Herbs  oj  the  Rain-Forest.  Coloured  foliage.  The 
Hymenophyllaceae.  \i\.  Lianes  of  the  Rain- Forest.  Palm-lianes.  Scrambling  bamboos, 
Root-climbers.  Cyclanthaceae  and  Pandanaceae.  Araceae.  Their  absorbing  and 
attaching  roots.  Twiners.  Tendrillous  plants.  Species  of  Bauhinia  with  ribbon-shaped, 
\\a\y  stems,  iv.  Epiphytes  of  the  Rain-Forest.  Occurrence.  Subdi\ision  according  to 
their  mode  of  life  into  Proto-epiphytes,  Hemi-epiphytes,  Xest-epiphytes,  Tank-epiphytes. 
Characteristics  of  the  groups.  Water-reservoirs.  Velamen  of  orchids  and  aroids. 
Aphyllous  orchids.  The  banyan.  Humus-collecting  orchids.  Ferns  with  collecting 
funnels  and  with  pocket -leaves.  Bromeliaceae.  Absorption  of  water  through  the  leaves. 
Illumination  of  epiphytes.  Epiphylly.  Distribution  of  epiphytes  on  an  individual  tree. 
V.  Buds  in  the  Rain-Forest.  Unprotected  buds.  Protective  devices  of  active  buds.  The 
sprouting  of  leaves.  Pendent  leaves  and  pendent  shoots.  Flower-buds  under  water. 
Flo«er-buds  with  water-calyces,  vi.  Cauliflory  in  the  Rain-Forest.  Cauliflory  on  stem 
and  branches.  Aphyllous  fertile  twigs,  vii.  Saprophytes  and  Parasites  in  the  Rain-Forest. 
Plants  without  chlorophyll  belonging  to  the  Orchidaceae,  Burmanniaceae,  Triuridaceae, 
Gentianaceae.     Balanophoraceae.     Rafllesia.    Loranthaceae. 

1.   DISTRIBUTION   OF   THE   TROPICAL   RAIN-FOREST. 

Ix  his  map  showing  the  distribution  of  precipitation  according  to  the 
seasons,  Hann  subdivides  the  tropical  zone  into  districts  with  a  dry  season- 
that  is  to  say,  with  months  in  which  the  normal  frequency  of  rain  falls  below 
0-30,  in  other  words  with  six  rainy  days  in  a  month — and  into  districts 
without  any  dry  season  proper.  Districts  without  any  dry  season  may  be 
described  as  constantly  humid  regions.  Precipitation  in  them,  however,  is 
not  uniform  throughout  the  year,  but  is  distributed  over  more  humid 
and  less  humid  periods,  the  alternations  of  which  are  not  without  influence 
on  vegetation,  for,  as  was  shown  in  the  previous  chapter,  this  influence 
frequently  makes  itself  felt,  especially  as  regards  the  times  of  flowering. 
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IG.  130.  Kecenlly  thinned  part  of  a  forest  in  the  interior  of  Snmoa,  300  niel 
•\e].  Palms.  On  the  branch  to  the  right,  an  epiphyte,  Astelia  sp.,  in  fl 
ackground  the  intact  rain-forest.     From  a  photogr.iph. 
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On  the  whole,  the  vegetation  of  the  constantly  humid  districts  is  clearly 
marked  off  from  that  of  the  periodically  dry  districts.  Constantly  humid 
\'Ustricts,  whenever  undisturbed  by  cultivation,  are  nearly  always  covered  with 
evergreen  rain-forest ;  periodically  dry  districts  are  occupied  by  deciduous 
zi'oodland  and  savannah.  If  precipitatioji  be  very  slight  even  during  the 
rainy  season,  the  character  of  vegetation  becomes  that  of  desert. 

Hann's  tropical  district  without  a  dry  season  includes,  passing  from  east 
to  west:  I.  In  Australia,  New  Guinea  with  its  neighbouring  archipelagos, 
the  Bismarck  and  Solomon  Islands,  and  most  of  the  Pacific  islands.  2.  In 
\Asia,  the  Philippines,  the  Moluccas  (for  the  most  part),  West  Java,  Celebes, 
iRorneo,  Sumatra,  and  the  southern  end  of  Malacca.  3.  In  Africa,  the 
Mascarenes,  Eastern  Madagascar,  Zanzibar  with  the  neighbouring  conti- 
fiental  coast,  and  the  district  of  the  great  African  lakes.  4.  In  America, 
|the  Brazilian  coast  district  to  the  south  of  15°  S.,  the  northern  part  of 
the  basin  of  the  Amazon,  Guiana,  the  Lesser  Antilles  (for  the  most 
part),  and  the  east  coast  of  Central  America. 

In  general,  the  boundaries  of  the  district  designated  above  coincide 
with  those  of  the  tropical  rain-forest.  Wherever  it  has  not  been  cleared, 
the  tropical  rain-forest  covers  the  lowlands  and  ascends  the  highlands  as 
far  as  the  tropical  climate  extends.  Here  and  there  the  tropical  rain-forest 
lightly  oversteps  the  boundaries  of  the  tropical  climate  proper,  both  in  the 
horizontal  and  vertical  directions.  Tropical  rain-forest  also  occurs  within 
the  range  of  the  district  with  marked  dry  seasons,  chiefly  among  mountains 
that  condense  moisture,  in  districts  of  limited  extent,  where  the  climate 
is  constantly  humid  and  occasions  the  appearance  of  the  rain-forest,  as  in 
the  eastern  Himalayas,  in  Burma,  on  the  western  slopes  of  the  Nilgiris, 
in  West  Ceylon,  in  Kamerun,  and  on  the  cast  coast  of  tropical 
Australia. 

A  similar,  but  usually  less  luxuriant,  evergreen  forest  frequently,  but  not 
always,  fringes  the  rivers  of  the  periodically  dry  district.  Such  fringing 
forests,  as  has  been  already  stated,  are  independent  of  atmospheric 
precipitations  and  will  be  discussed  in  the  chapter  dealing  with  the 
edaphic  influences. 

2.  GENERAL   CHARACTER   OF   THE   TROPICAL 
RAIN-FOREST. 

i.  EXTERNAL  ASPECT  OF  THE  FOREST. 
When  the  rain-forest  is  viewed  from  outside,  say  from  a  ship  sailing  by 
a  forest-clad  coast,  or  from  the  summit  of  an  elevated  point  rising  above 
a  tract  of  forest,  many  distinctions  between  it  and  forest  in  temperate 
regions  meet  the  eye.  The  upper  surface  never  exhibits  a  uniform  tint, 
but  forms  a  richly  varied  mosaic,  in  which  every  shade  of  green  is 
represented :  least  frequent   of   these  is  the  fresh   green,  say  like  that    of 
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beech-woods  in  early  summer,  whereas  yellowish,  brownish,  grey,  oHve-Hke 
tints  compose  a  picture  somewhat  gloomy  but  one  tinted  with  innumerable 
shades.  Here  and  there  on  the  duller  ground  glows  the  bright  patch  of 
the  flowering  crown  of  a  tree.  When  I  was  approaching  the  coast  of 
Trinidad  in  winter,  the  flowering  erythrinas  resembled  so  many  fires  in 
the  dark  forest.  So,  in  Java,  I  could  recognize  the  puspa-tree  (Gordonia 
Wallichii)  at  a  great  distance  by  its  snow-white  flowers.  By  the  mere 
tints  of  their  foliage  a  native  can  recognize  valuable  trees  in  the  richly 
figured  tapestry  of  the  canopj^  of  the  forest.       Thus,  the  cascarilleros  of 


Fig.  131.  Profile  view  of  the  tropical  rain-forest  near  Blumenau,  Brazil.     The  palm  is 
Euterpe  edulis.     From  a  photograpli  by  H.  Scheiick. 

the  Andes  look  for  an  elevated  point  from  which  they  can  fi.x  the  positior 
in  the  forest  of  the  scattered  quinine  trees. 

Even  the  side  view  of  the  tropical  rain-forest  differs  essentially  frotr 
that  of  a  European  forest ;  it  is  not  as  with  us  bounded  above  by  a  nearlj 
level  line,  but  is  irregularly  jagged,  crested,  and  furrowed  (Figs.  131,  132) 
In  a  natural  condition,  for  instance  on  the  bank  of  water-courses,  such  sid( 
views  of  the  forest  are  so  overhung  with  liaries  and  epiphytes  that  tht 
stems  are  quite  invisible  and  even  the  crowns  appear  veiled.  In  ai: 
artificial  side  view,  due  to  a  forest-clearing,  the  great  diversity  in  thd 
tree-trunks,  the  irregular  tangle  of  lianes,  and  the  variety  in  the  forms  0 
the  foliaged  crowns  forcibly  strike  the  eye  (Fig-  130). 


«.  ... 
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ii.    INTERIOR   OF  THE  FOREST. 

The  picture  afforded  by  the  interior  of  the  rain-forest  varies  greatly 
in  individual  cases.  Many  forests  display  a  dense  mass  of  foliage  from  the 
ground  up  to  the  tops  of  the  trees,  through  which  we  can  only  laboriously 
cut  our  way  with  a  bill-hook  (Fig.  129);  others  are  like  immense,  dark- 
columned  halls,  which  afford  a  free  passage  and  a  clear  outlook  in  all 
directions,  where  only  a  few  ferns  on  the  ground  and  on  the  stems  of 
the  trees  here  and  there  relieve  the  monotony  of  brown  tints.  As  a 
matter  of  course  these  extreme  forms  are  connected  by  intermediate  ones. 

The  dense  rain-forest  with  abundant  underwood  appears,  at  least  from 
my  own  observation,  to  be  the  commoner  of  the  two  (Fig.  133).  In  all 
my  tropical  expeditions  I  have  seen  extensive  tracts  covered  by  it.  The 
light  column-forest  I  know  in  particular  on  the  mountains  of  Dominica, 
where  it  is  chiefly  formed  by  a  species  of  Canarium  ;  the  same  in  a  less 
pure  form  with  many  tree-ferns  I  know  in  Trinidad.  Kurz  describes 
similar  open  forests  in  Pegu.  There  appears  to  be  less  variety  among  the 
trees  in  it  than  in  the  closed  forest. 

Within  the  forest,  the  botanist  will  at  once  endeavour  to  obtain  a  clear 
idea  of  its  systematic  composition.  As  regards  the  large  trees  that 
produce  the  general  covering  of  the  forest  the  labour  is  usually  in  vain. 
Only  felling  the  trees  would  secure  the  object  in  view,  and  to  do  this 
is  much  more  difficult  than  with  us,  for  the  trees  are  bound  together  by 
a  tangle  of  lianes.  It  does  not  moreover  always  lead  to  decisive  results, 
for  not  all  trees  are  sufficiently  characterized  by  their  foliage,  and  man)- 
of  them  blossom  but  seldom  or  do  so  only  for  a  short  period.  I  havej 
very  rarely  seen  a  useful  result  obtained  by  knocking  down  twigs. 

The  cries  of  flocks  of  parrots  will  often  denote  trees  with  ripe  berries, 
and  in  particular  fig-trees,  and  then  a  search  on  the  ground  usually  leads 
to  the  discovery  of  some  fruits.  Occasionally,  the  area  of  ground  cor- 
responding to  the  particular  tree  is  pretty  thickly  covered  with  fruits  that 
have  fallen  or  have  been  thrown  down,  for  instance  with  berries  of 
Myrtaceae  and  Meliaceae,  and  the  easily  recognizable  seeds  of  a  Myristica. 
In  other  cases  corollas  or  petals  are  found.  One  must  always  remembei 
the  possibility  of  such  fruits  and  flowers  coming  from  epiphytes  01 
lianes.  No  doubt  indeed  can  arise  regarding  cauliflorous  species ;  they  art 
however  quite  exceptional,  in  particular  among  the  tall  trees.  , 

The  bark  of  most  trees  shows  much  that  is  characteristic.  In  one  casej 
it  is  smooth,  in  another  furrowed  ;  in  many  Myrtaceae  the  bark  peels  off  ii 
thin  flakes  or  scales,  in  certain  Leguminosae  the  surface  is  green  ;  in  othci 
cases  it  is  armed  with  thorns  or  with  corky  warts,  or  if  it  be  wounded 
latex  or  resin  exudes.  Accurate  investigation  of  such  features  woulc 
certainly  lead  far  towards  identification.     This   is  proved  by  the  circum 


Fig.  133.  From  the  South  Mexican  rain-forest.     Underwood 
with  tree-ferns.     From  a  photograph  by  G.  Karsten. 
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stance  that  frequently  natives  can  correctly  name  individual  species  of 
trees  b\-  mcrtly  observing  the  characters  that  can  be  seen  from  the  ground, 
such  as  the  nature  of  the  bark,  the  thickness  of  the  trunk,  the  occasional 
plank-buttresses,  which  will  be  subsequently  dealt  with,  and,  at  times,  the 
mode  of  branching.  Analytical  tables  founded  upon  such  characters, 
which  however  are  often  very  difficult  to  describe,  would  be  of  immense 
value. 

Most  lianes — the  woody  climbing  plants  which  usually  occur  in  such 
abundance  in  every  virgin  tropical  forest — also  withdraw  their  crown  of 
foliage  from  the  view  of  the  naturalist,  who  is  confined  to  the  ground,  and 
an  attempt  to  pull  them  down  is  as  a  rule  as  useless  as  to  fell  them.  But 
in  their  case  the  anatomical  structure  of  the  stem  exhibits  so  much  that  is 
characteristic,  that  the  determination,  at  least  of  the  genus,  is  possible, 
thanks  to  the  excellent  works  of  Radlkofer,  Bureau,  and  Schenck  '■. 

In  order  to  obtain  an  idea  of  the  systematic  composition  of  the  forest- 
canopy,  the  botanist,  even  if  he  has  frequentl)'  tra\-ersed  and  carefully 
searched  the  virgin  forest,  must  rely  on  '  Floras,'  which,  prepared  chiefly 
from  collections  made  b}'  natives,  usually  convey  very  incomplete  informa- 
tion. Much  more  useful  are  the  works  of  the  foresters,  but  these  un- 
fortunatel}-  arc  still  entirely  wanting  in  respect  to  tropical  America 
and  troi^ical  Africa.  The  works  of  Brandis,  Kurz,  and  Koorders  and 
Valeton  are  sources  of  information  regarding  the  systematic  composition 
of  the  forests  of  India  and  further  India.  Apart  from  the  lianes  and 
herbaceous  flora,  it  is  comparatively  easy  to  acquire  the  necessary  know- 
ledge of  the  systematic  composition  of  the  underwood,  without  which 
a  work  on  the  physiology  of  the  virgin  forest  is  valueless.  Not  only 
is  the  variety  of  foliage  much  greater  than  in  Europe,  but  a  number 
of  species  bear  flowers  and  fruit,  though  often  in  small  quantities,  for 
months  if  not  throughout  the  year.  At  the  first  glance,  in  a  damp,  cool 
forest,  the  tree-ferns  strike  the  e}-e,  and  these,  like  the  ferns  in  general,  can 
be  easily  determined  from  the  available  herbaria.  Small  palms  are  seldom 
absent ;  for  instance,  in  Brazil  species  of  Geonoma  occur,  in  Java  species 
dF  Pinanga.  Here  and  there  appear  thickets  of  bamboos,  or  of  climbing 
erns  like  Lygodium,  or  of  species  of  Selaginella.  The  main  mass  of  the 
underwood  and  bushes,  however,  is  formed  by  Dicotyledones.  The  Urti- 
:aceae  are  seldom  absent,  for  instance  species  of  Boehmeria,  and  in  Asia 
also  species  of  Laportea,  which  are  easily  recognizable,  even  when  not 
ilowering,  by  the  form  of  their  leaves  and  their  hairs.  In  company  with 
these,  shrubby  Piperaceae  will  be  found,  in  particular  species  of  Artanthe, 
md  species  of  Ottonia  with  knotty  stems  and  vertical,  white,  taper-like 
spadices ;  also  the  varied  species  of  Croton,  with  inconspicuous  flowers  and 
eaves  with  scales  beneath.     Less  abundant,  but  highly  characteristic,  are 

'  See  p.  196. 
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the  Araliaceae,  with  their  rosettes  of  large  leaves  on  a  stem  that  is  eithe 
simple  or  but  slightly  branched. 

Although  the  above-mentioned  types  of  shrubs  or  small  trees  are  usual! 
provided  with  inconspicuous  flowers,  a  fine  show  is  made,  especially  ii 
tropical  America,  by  a  number  of  Melastomaceae  with  flowers  of  incompar 
able  beauty.  The  most  varied  kinds  of  Rubiaceae,  such  as  Pavetta  am 
species  of  Psychotria,  frequently  bear  their  beautiful  th)-rsoid  inflorescence 
of  coral-red  or  white  flowers  on  axes  glistening  in  the  same  tints.  If  a  sepa 
is  large,  or  blood-red  in  colour,  we  are  dealing  with  a  Rlussaenda  (.Asia 
or  a  Warszewiczia  (America).  Certain  Rubiaceae  of  the  Javanese  forest 
have  a  highly  repulsive  but  characteristic  odour  of  excrement,  for  instanc 
Lysianthus  purpureus.  Among  shrubs  or  small  trees  may  also  readil 
be  found,  in  America,  flowering  specimens  of  Vochysiaceae,  Malvacea 
(Abutilon),  Samydaceae  (Casearia),  Mutisiaceae  (Stifftia),  Solanaceae 
Mimoseae  (Inga,  Calliandra),  and  the  beautiful  species  of  Brownia  (Caesal 
piniaceae)  wath  their  bright  red  cauliflorous  clusters  of  blossom.  In  tropic; 
Eastern  Asia,  again,  besides  the  types  already  mentioned,  in  particula 
species  of  Anonaceae,  Ternstroemiaceae  (Saurauja)  and  Myrsineae  (Ardisij 
are  conspicuous  by  their  flowers,  b}-  which  they  can  easily  be  determinec 
But  nearly  always  such  species  with  abundant  and  beautiful  blossoms  are  k 
less  numerous  than  those  whose  flowers  are  few  or  inconspicuous,  as 
the  case  amongst  Urticaceae,  Piperaccae.  P^uphorbiaceae.  One  will  als 
find,  especially  at  the  height  of  the  rainy  season,  verj'  man}'  shrubs  an 
small  trees  without  either  blossom  or  fruit. 

The  herbaceous  vegetation  is  very  poorly  developed  in  the  darkest  pa; 
of  the  virgin  forest ;  in  the  better-lighted  portions,  however,  it  is  ofte 
surprisingly  luxuriant.  The  Scitamineae  are  certainly  its  most  prominer 
representatives,  not  only  because  of  their  dimensions  and  their  large  brightl 
coloured  inflorescences,  but  also  frequently  because  of  their  great  abundanc 
(Fig.  135).  On  the  Lesser  Antilles  I  frequently  saw  Heliconia  Bihai,  I- 
caribaea,  and  other  species  taller  than  a  man  (Fig.  17S)  and  formin 
a  dense  thicket  with  their  long-stalked  leaves,  between  which  the  larg 
inflorescences  projected  with  distichous,  red  keel-shaped  bracts.  Sti 
more  striking,  and  at  all  events  more  varied  in  their  appearance,  ar 
in  the  East  Indies,  the  Zingiberaceae,  several  genera  of  which,  such  i 
Elettaria,  Hedychium,  Zingiber,  Costus,  Alpinia.  and  man}-  species  fori 
little  woods  in  the  high-forest.  Thus,  in  the  forests  of  Java,  one  frequentl 
sees  dense  expanses  of  such  Zingiberaceae  taller  than  a  man,  with  the 
stiff  distichous  shoots  allowing  no  other  vegetation  to  grow  between,  an 
their  strange  inflorescences,  like  bright  red  cabbage-heads,  as  in  Costi 
globosus,  Elettaria  sp.,  or  like  fiery  stars,  as  in  Elettaria  coccinea,  restii: 
with  broad  bases  on  the  bare  soil. 

It  is  in  fact  a  frequent  phenomenon  in  tropical  virgin  forest  that  a  wic 
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tract  of  ground  should  be  essentially  occupied  by  one  herbaceous  species  to 
the  exclusion  of  all  others,  so  that  there  exists  a  far  greater  uniformity  in 
the  herbaceous  than  in  the  woody  \egctation.  In  the  forests  of  Ce\'lon 
and  Java  I  saw  certain  species  of  the  acanthaceous  genus  Strobilanthus 
with  juicy  brittle  stems  forming  delicately  foliaged  bushes  far  exceeding 
man's  height  and  alone  constituting  the  herbaceous  vegetation  over 
immense  tracts.  I  have  seen  many  other  herbaceous  plants  growing 
socially,  though  not  in  such  great  multitudes,  for  instance  species  of 
Inipaticns.  Cyrtandra,  Elatostcma,  Sclaginclla.  Grasses  are  quite  insigni- 
ficant as  components  of  the  tropical  forests. 

Among  the  more  scattered  plants,  yet  seldom  absent  from  the  rain- 
forest, mention  may  be  made  of  begonias  (Fig.  136),  which  both  in  America 
and  Asia  show  great  diversity  of  form,  being  sometimes  small  and  erect, 
sometimes  climbers  reaching  high  up  tree-trunks  and  rocks  ;  also  Aroideae 
growing  on  the  ground,  with  their  variegated  petioles,  often  reminding  one 
of  snakes  :  finally,  as  rare  features,  parasitic  Balanophoraceae.  saprophytic 
orchids  and  Burmanniaceae. 

The  stems  of  the  trees  are  covered  with  a  rich  flora  of  the  most  diverse 
species  of  lianes  and  epiphjles,  to  which  detailed  reference  will  be  made 
hereafter.  The  most  varied  forms,  often  characterized  by  large  expanses 
of  foliage  or  by  splendid  flowers,  form  these  epedaphic  gardens. 

If  we  attempt  to  form  a  general  conception  of  the  changing  aspects  of 
a  virgin  forest,  the  first  point  that  strikes  one  is  the  strno-glc  for  light ^  and 
the  possibility  of  carr\-ing  on  this  struggle  almost  without  hindrance  is 
afforded  \>y  the  great  and  incessant  /iniiiiditj. 

The  struggle  for  light  indeed  prevails  in  the  forests  of  every  zone. 
Everywhere  it  drives  the  vegetation  from  the  shady  depths  in  an  upward 
direction,  but  this  struggle  is  nowhere  so  pronounced  as  in  the  evergreen 
forests  of  tropical  districts,  in  which  individuals  with  slender  stems  and  erect 
weakly  branched  boughs  eagerly  strive  after  the  light  and  at  the  same  time 
convey  to  the  light  a  crowd  of  guests,  including  lianes  whose  weak  stems 
cling  firmly  to  the  scaffolding  of  the  trees,  and  epiphytes  which  germinate 
Dn  the  branches  and  thus  from  the  very  first  secure  a  suitable  degree 
jf  illumination. 

In  the  epiphytic  vegetation,  the  struggle  for  light  is  the  most  thoroughly 
successful,  for  it  clothes  the  branches  of  the  trees  up  to  their  extreme  tips 
■vith  frequently  large  and  even  tree-like  plants  ;  nor  are  the  leaves  spared, 
or  on  them  both  mosses  and  Algae  grow,  and  occasionally  also  flowering 
)rchids. 

With  the  epiiih}-tic  vegetation  also  the  struggle  for  light  is  the  most 
pronounced,  and  results  in  great  destruction.  One  may  frequently  hear 
I  branch  of  a  tree  crack  and  break  under  the  burden  of  its  epedaphic 
jarden  which  has  become  too  luxuriant  (Fig.  134);  and  the  trellis-work  of 
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coalescent   roots  of   epiphytic  figs   or  species  of   Clusia    forms    often   the 
living  coffin  within  which  many  a  stately  tree  moulders  away. 


Whilst  the  demand  for  light  draws  vegetation  upwards,  the  need  fo: 
moisture  draws  it  downwards.  Where  humidity  is  decreased,  the  con 
formation   of  the  woody  plants   becomes  massive,  the   crowns   of  foliagi 


?2^,j^^-;^ 


Figs.  135  and  136.  Undergrowth  in  the  South  Mexican  rain-forest.  Upper  figure: 
in  the  centre,  a  rubiaceous  plant  with  variegated  velvety  le.ives;  to  the  right  and  left, 
Scitamineae.  Lower  figure :  in  the  centre,  Begonia  sp.  From  a  photograph  by 
G.  Karsten. 
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denser,  the  foliage-lcavcs  smaller,  and  all  plants,  except  accommodating 
mosses  and  lichens,  remain  attached  to  the  ground.  The  abundance  of 
moisture  is  the  physiological  factor  of  all  that  is  characteristic  in  the  plastic 
form  of  the  tropical  rain-forest. 

As  a  matter  of  fact,  all  rain-forest  districts  receive  not  only  precipitations 
at  all  seasons  of  the  year,  but  also  very  large  quantities  of  rain.  The 
rainfall  of  rain-forest  climate  amounts  to  at  least  200  cm.  annually,  but 
frequently  to  very  much  more ;  300-400  cm.  are  not  at  all  rare.  The 
atmospheric  humidity  is  correspondingly  great.  It  seldom  sinks  much 
below  (So  7^,  and  at  night  and  in  early  morning  it  approaches  complete 
saturation. 

G.  Haberlandt  made  some  observations  regarding  the  humidity  of  the  air  at 
the  edge  of  the  virgin  forest  near  Tjibodas.  According  to  these  observations,  the 
relative  humiditj-  there,  even  during  the  bright  forenoon,  was  £0-90%  at  7  a.m.,  and 
in  the  afternoon  always  97-99  %•  The  lowest  relative  humidity  I  observed  was  on 
February  12  at  noon,  with  a  clear  sky,  when  it  was  79%-  The  humidity  is  naturally 
still  greater  within  the  forest,  where  for  weeks  together  it  probably  never  sinks 
below  90  °/,  ^ 

iii.    TROPICAL   RAIN-FOREST  IX  ASIA. 

An  account  of  an  excursion  in  the  tropical  virgin  forest  may  afford 
a  clearer  picture  of  the  general  character  of  such  a  forest  than  any  merely 
general  remarks  on  the  subject.  I  extract  from  my  notebook  the  following 
sketch,  made  on  the  spot,  of  a  virgin  forest  on  the  Gedeh  in  Java,  with 
occasional  references  to  the  forest  of  Salak,  which  is  close  by-  (Fig.  137). 

Compared  with  a  forest  of  Central  Europe  the  picture  is  one  of  marvellous 
luxuriance  but  also  of  confusing  disarray.  The  stems  of  the  trees  are  very 
unequal  in  thickness,  they  are  sometimes  supported  at  their  base  by  plank- 
buttresses  ;  liancs,  the  stems  of  which  are  seldom  thicker  than  the  fist,  traverse 
the  air  in  confused  serpentine  coils.  Between  the  trees  the  brush-wood  of 
large-leaved  and  often  gail\-  flowered  shrubs  is  frequently  interrupted  by  gaps, 
which  are  occupied  by  very  juicy  herbaceous  plants  often  taller  than  a  man. 
What  at  first  glance  distinguishes  the  physiognomy  of  such  a  forest  from 
that  of  a  European  or  North  American  forest  is  the  crowding  of  the  space 
with  foliage  and  the  overpowering  preponderance  of  green  colour.  The 
surface  of  the  stems  of  the  trees  is  almost  completely  concealed  beneath 
a  green  envelope  of  plants.  This  covering  is  in  places  chiefly  formed 
by  Freycinetia  insignis,  an  ivy-like  climbing  species  of  Pandanaceae,  the 
shoots  of  which,  pendent  in  elegant  festoons  and  thickly  covered  with 
flaccid  riband-like   leaves,  penetrate   the  crowns   of  the   trees.     From  the 

'  Schimper,  op.  cit.,  p.  792. 
The  Gedeh  forest  lies  in  a  cooler  region,  at  about  1,500  meters,  yet  still  preserves 
a  tropical  aspect. 


Fig.  13S.  Epiphytic  Lycopodiaceae  liaiiging  from  tlie  branches  of  trees  in  the  tropical  rain-forest 
on  the  Gedeh.  1.  Psilotum  flaccitlum.  2.  Lycopodium  nummulariaefolium.  3.  Lycopodium 
Phlegmaria.,    The  figures  a,  h,  c  show  the  natural  size. 
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boughs  there  hang  wisps  of  Lycopodium  T'lilcgmaria,  Psilotum  flaccidum, 
and  other  species  of  Lycopodiaccac  (Fig.  I3<S),  two  to  three  meters  in 
length,  and  mingled  with  them  the  pectinate  riband-leaves  of  a  Nephro- 
lepis ;  associated  with  them  are  crowds  of  small  ferns.  The  upper  surface 
of  the  boughs  is  an  aerial  flower-garden,  where  from  amid  a  low  carpet  of 
small  orchids,  of  creeping  Pcperomia  and  ferns,  and  of  scarlet-flowered 
species  of  Aeschynanthus,  there  rise  shrubby  species  of  Medinilla  with 
rosy  panicles   of  flowers.     On   the  tops   of  the  highest  trees  often  blazes 


!■  IG.  139.  AsiJeiiiiim  Nidus  in  the  botanic  g.irden  at  liuitenzorg. 
a  photograph  by  Treub. 


Much  reduced,     l-'rom 


Rhododendron  javanicum,  visible  from  afar  as  a  tuft  of  flaming  flowers,  but 
only  discoverable  within  the  virgin  forest  by  its  fallen  corollas.  This 
beautiful  plant  becomes  commoner  at  higher  elevations  and  is  then  less 
estricted  to  the  tops  of  the  trees. 

In  many  places  it  is  not  Freycinetia,  but  the  far  more  remarkable  Asple- 
lium  Nidus  (Fig.  139)  that  gives  character  to  the  scene  within  the  forest. 
3n  all  the  tree-stems,  thick  or  thin,  even  on  the  lianes,  its  huge  funnel-like 
osettes  are  fixed  in  series  one  above  the  other.  They  fill  up  all  interstices, 
hey   prevail   over  the   entire   landscape,  they  are  the  real  victors  in  the 
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struggle  for  existence  ;  the  rest  of  the  vegetation  appears  to  have  no 
other  object  than  to  serve  as  supports  for  their  funnels  and  to  fill  these 
with  dead  leaves,  until  stems  break  under  their  weight,  or  perish— and  this 
the  more  frequently — owing  to  disturbances  in  the  metabolism. 

Many  other  types  of  plants  also  establish  themselves  on  the  bark  of  the 
trees.  The  bases  of  the  trunks  are  free  from  large  epiphytes,  but  are  wrapped 
in  a  thin  veil  of  delicate  Hymenophyllaceae.  Vaccinium  lucidum  produces 
from  a  tuberous  stem  its  twigs  with  box-like  leaves  and  small  flowers; 
Ficus  diversifolia  attracts  attention  by  its  leaves,  which  are  ochre-coloured 
beneath,  and  by  its  bright  yellow  figs  of  the  size  of  peas.  At  many  other 
places  in  Java,  but  always  at  a  lower  altitude,  Myrmecodia  and  Hydno- 
phytum  (Figs.  85,  86) — the  widely  known  myrmecophytes  with  shoots 
swollen  like  turnips — are  attached  to  the  stems  and  thicker  branches. 
Mosses  and  lichens,  as  epiphytes,  are  poorly  developed  in  such  low-lying 
forests  ;  their  true  home  is  the  higher  cool,  misty  region. 

In  comparison  with  green,  other  colours  are  feebly  represented.  Tiie 
tropical  rain-forest  is  however  by  no  means  so  poor  in  plants  with  beautiful 
flowers  as  is  usually  stated,  possibl}'  in  accordance  with  Wallace,  who 
probably  had  in  his  mind  an  English  meadow,  and  did  not  compare 
forest  with  forest.  Rather  is  the  tropical  forest  in  general  richer  in 
colours  than  a  European  forest,  especially  in  America,  where  varied  and 
abundant  epiphytic  Bromeliaceae  are  frequently  provided  with  brightly 
coloured  flowers,  fruits,  or  bracts. 

Rhododendron  javanicum  and  species  of  Medinilla  have  been  already- 
mentioned  as  beautifully  flowering  plants  of  the  Javanese  forest.  Many 
terrestrial  shrubs  merit  the  same  description,  for  instance  species  of  the 
rubiaceous  Pavetta,  with  coral-red  umbellate  panicles,  which  in  parts  of 
the  Salak  are  quite  common.  Species  of  Mussaenda,  belonging  also  to  the 
Rubiaceae,  are  commoner ;  in  them  one  of  the  sepals  is  developed  into 
a  larger  dazzling  white  leaf,  whilst  the  small  corollas  stand  out  in  perfect 
orange-yellow.  Beautiful  beyond  comparison  is  Dichroa  Cyanites  with 
its  lovely  sky-blue  and  snow-white  inflorescences  ;  and  the  species  of  the 
ternstroemiaceous  Saurauja,  which  may  be  described  rather  as  small  trees 
than  as  shrubs,  recall  our  cherry-trees  by  their  delicate  flowers.  The 
numerous  Melastomaceae  are  more  remarkable  in  Java  for  their  peculiar 
foliage  than  for  the  beauty  of  their  flowers,  which,  except  for  Medinilla, 
are  far  behind  the  tropical  American  species  in  brightness  of  colour 
and  size.  Tolerably  inconspicuous  in  the  low-h'ing  forests  are  Ardisia 
semidentata,  A.  polyneura,  and  other  species,  whilst  the  well-named 
Ardisia  decus-montis  forms  one  of  the  chief  attractions  of  the  morei 
elevated  temperate  rain-forest  ^. 

1  See  Sect.  IV. 
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Species  of  Rubus,  for  instance  R.  glomcratus,  R.  chrysophyllus, 
R.  alceacfolius.  are  more  remarkable  for  the  beauty  of  their  foliage  than 
of  their  flowers ;  in  addition  they  first  appear  as  essential  components 
of  the  vegetation  in  forests  situated  higher  u\).  Small  trees  and  shrubs 
with  quite  inconspicuous  flowers,  on  the  other  liand,  arc  very  strongly 
represented  both  as  regards  number  of  species  and  number  of  individuals. 
To  these  belong  representatives  of  the  Urticaceae  with  loose  pendulous 
greenish  inflorescences,  such  as  species  of  Boehmcria  and  of  Laportea ; 
species  of  Piper  with  erect  taper-like  inflorescences  ;  Euphorbiaceae,  like 
species  of  Croton  and  Phyllanthus  ;  and  Lasianthus  purpureus  with  small 
violet  flowers.  Finally,  as  essential  constituents  of  the  vegetation  in  the 
shade,  may  be  mentioned  small  palms  of  the  genus  Pinanga,  Pandanus 
furcatus,  and  numerous  tree-ferns. 

The  herbaceous  vegetation  displays  a  marvellous  wealth  of  forms.  Its 
most  prominent  constituents  are  the  social  Zingiberaceae,  the  thickets  of 
which  have  alread\-  been  described.  Here  and  there  appears  a  fine  Musa 
I  not  in  blossom.  Wide  tracts  are  covered  by  a  dense  shrubby  Strobi- 
lanthus,  the  transparent  stems  of  which  break  like  glass  as  one  passes 
among  them,  and  the  delicate  foliage  of  which  is  rendered  gay  by  fairly 
large  bright  red  flowers.  In  other  places  the  herbaceous  vegetation  is 
hardly  up  to  the  knee,  and  is  chiefly  composed  of  Cyrtandra  nemorosa  and 
a  species  of  Elatostema  ;  from  the  dark  green  level  surface  there  rise 
up  isolated  taller  plants,  such  as  the  large-leaved  Begonia  robusta,  Pollia 
thyrsiflora,  more  conspicuous  for  its  cobalt-blue  berries  than  for  its  white 
inflorescences,  Dianella  montana,  which  agrees  with  the  last-named  plant 
in  the  rare  colour  of  its  fruit  and  in  that  of  its  flowers,  Disporum  multi- 
florum  with  pendent  violet  campanulate  flowers,  Pol},-gala  venenosa  with 
large  yellow  flowers,  and  many  others. 

if  with  the  hand  we  push  aside  the  leaves  of  the  herbs  clothing  the  soil. 
we  can  see,  between  the  turgid  brittle  stems,  the  soil  covered  with  de- 
cayed sodden  leaves.  The  gaps  between  the  plants  appear  large,  though 
they  are  completely  arched  over  by  the  canopy  formed  by  the  foliage  of 
the  herbs,  and  they  support  no  vegetation  that  is  visible  to  the  naked  eye. 
One  is  however  surprised  to  find  a  flora  of  flowers  which  are  invisible  from 
above  the  leafy  roof,  and  spring  in  particular  from  the  stalks  of  Cyrtandra 
nemorosa,  but  also  from  the  stems  of  Saurauja  cauliflora.  which  produces 
its  dense  red  and  white  bunches  of  flowers  only  at  its  base,  quite  hidden 
among  the  herbage. 

Trees  are  the  least  striking  constituents  of  the  rain-forest  ;  the  plank- 
buttresses  alone  distinguish   many  of  them  at  first  glance  from  the  trees 


■fc."- 


of  a  European  forest.  The  finest  tree  in  these  forests  is  Altingia  excelsa, 
one  of  the  Hamamelidaceae,  the  rasamala  of  the  natives,  which  attains 
a  maximum  height  of  about   60   meters  and   a   diameter  of  stem  of    112 
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centimeters,  but  is  usually  from  40  to  45  meters  in  height  '.  This  tree 
is  best  appreciated  from  a  distance,  when  the  forest  is  viewed  from  above, 
as  its  crown  far  overtops  the  other  trees.  The  puspa,  Gordonia  Wallichii, 
one  of  the  Ternstroemiaceae,  is  also  very  common,  and,  when  in  flower, 
appears  from  a  distance  like  a  mass  of  snow  ;  in  the  interior  of  the  forest 
it  betrays  its  presence  by  its  numerous  fallen  petals.  Species  of  Ficus, 
which  mainly  grow  in  the  forests  situated  at  the  lowest  levels,  are  easily 
recognized  by  their  aerial  roots,  and  are  frequently  cauliflorous. 

According  to  Junghuhn,  the  tallest  trees  in  these  forests  are  Canarium 
altissimum,  Thespesia  altissima,  Dipterocarpus  trinervis  and  D.  retusa, 
Epicharis  altissima  and  E.  cauliflora.  The  smaller  species  of  trees  are 
much  more  diversified.  As  especially  common  Junghuhn  mentions 
representatives  of  the  Myristicaceae,  Tiliaceae,  Sapotaceae,  Compositae 
(Vernonia  javanica),  Rubiaceae,  Euphorbiaccae,  Byttneriaceae,  Lauraceae 
(Cinnamomum),  Mimosaceae  -. 

Kurz  distinguishes  two  forms  of  rain-forest  in  Pegu,  closed  and  open 
forest,  corresponding  to  two  grades  of  humidity  : — 

The  closed  evergreen  forest  forms  a  dense  mass  of  vegetation  150-200  feet  high,  in 
which  four  or  five  tiers  may  be  distinguished  :  — 

Of  the  loftiest  trees  overtopping  the  general  leaf-canopy  of  the  forest,  some  shed 
their  leaves  during  the  dry  season,  for  instance  species  of  Sterculia,  some  Datisca- 
ceae  (Tetrameles),  Leguminosae  (Parkia,  Albizzia,  Acrocarpus,  Pterocarpus,  Xylia), 
Anonaceae  (Guatteria),  Anacardiaceae  (Swintonia),  Lythraceae  (Duabanga),  Arto- 
carpaceae  (Artocarpus),  Tiliaceae  (Pentace).  Evergreen  species  of  giant  trees 
are  among  the  following:  Dipterocarpaceae  (Dipterocarpus,  Parashorea,  Hopea, 
Anisoptera),  Sapotaceae  (Payena),  Guttiferae  (Garcinia),  Urticaceae  (Antiaris^. 

The  large  trees  of  the  middle  tier  are  for  the  most  part  evergreen.  Among 
these  in  particular  appear  single  species  of  Anonaceae  (Mitrephora),  Sterculiaceae 
(Pterospermum),  Burseraceae  (Bursera),  Meliaceae  (Amoora,  Cedrela,  Disoxylum, 
Sandoricum),  Celastraceae  (Kurrimia),  Cornaceae  (Marlea),Bignoniaceae  (Stereosper- 
mum),  Verbenaceae  (Vitex),  Leguminosae  (Pithecolobium,  Adenanthera,  Dalbergia, 
Albizzia),  Sapindaceae  (Sapindus),  Lythraceae  (Lagerstroemia),  Anacardiaceae 
(Mangifera,  Semecarpus),  Guttiferae  (Xanthochymus),  Moraceae  (Ficus),  Dio- 
spyraceae  (Diospyros),  Lauraceae  (Litsea),  Euphorbiaccae  (Bischofia,  Trewia), 
Malvaceae  (Hibiscus),  Sterculiaceae  (Sterculia,  Pterospermum),  Tiliaceae  (Elaeo- 
carpus),  Podocarpus,  and  many  others. 

The  third  tier  is  composed  of  small  evergreen  trees,  at  the  most  thirty  feet  high, 
and  exhibits  a  still  more  confusing  systematic  composition  than  the  higher  tiers. 
Among  them  are  Violaceae  (Alsodeia),  Lauraceae  (Litsea,  Phoebe,  Cinnamomum), 
Bi.xaceae  (Hydnocarpus),  Hippocrateaceae  (Siphonodon),  Euphorbiaceae  (Cleis- 
tanthus,  Ostodes,  Baccaurea,  Aporosa,  Excoecaria,  Antidesma),  Rutaceae  (Micro- 
melum),   Bignoniaceae    (Spathodea),   Tiliaceae   (Elaeocarpus),    Sapindaceae   (Erio- 

'  Koorders  en  Valeton,  op.  cit.,  I,  p.  204.     The  tallest  tree  measured  by  these  authors 
was  58  meters,  and  the  height  to  the  first  branch  40  meters. 
'  Junghuhn,  op.  cit.,  L  p.  315. 
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glossimi,  Lcpisantlics,  Cupania,  Euphoria),  Meliaceae  |  Aglaia,  I  leynea),  Anacardiaceae 
(Drimycarpus,  Scmecarpus),  Myrsinaceac  (Maesa,  Ardisia),  Urticaceae  (Celtis), 
Moraceae  (Ficus),  Leguminosae  (Millettia,  Erythrina,  Dalbcrgia),  Myrtaccae 
(Eugenia),  Mclastoniaccac  (Meniecylon),  Anonaceae  iCyatiioealyx,  Goniotiialamus, 
Saccopetaluni),  ("upuliferac  (Castanopsis),  Diospyraccac  (Gunisanthus,  Diospyros), 
Guttiferae  (Garcinia),  Tenistroemiaceae  ^Eurya),  Tiliaceae  (Grewia),  Rutaceae 
iZanthoxylum,  Glycosmis,  Murraj-a),  Siniarubaceae  (Picrosma),  Ochnaccac  (Oehna), 
Iliciucae  (Ilex),  Celastraceae  (Euonj'mus),  Verbenaceae  (Vitex),  Myristicaccae 
(Myristica),  and  many  others.  Various  pahns,  bamboos,  and  Pandanus  furcatus  also 
belong  to  this  tier. 

Among  lianes  appear  Malvaceae  (Hibiscus),  Combretaceae  (Illigera,  Caljxopteris), 
Anonaceae  (Artabotrj's),  Leguminosae  (Dalbergia,  Acacia,  Bauhinia),  Rhamnaceae 
(Colubrina,  Zizyphus,  Gouania,  Ventilago),  Araceae  (Pothos,  Scindapsus),  Ranuncu- 
laceae  (Naravelia),  Acanthaceae  (Thunbergia),  Convolvulaceae  (Porana),  Orchidaceae 
(Vanilla  I.  Oleaceae  (Jasminum),  Menispermaceae  (Tinospora),  Rubiaceae  (Ancistro- 
dadus,  Uncaria),  Vitaceae  (several  species  of  Vitis),  Palmae  (three  or  four  species  of 
Calamus),  and  manj'  others. 

Among  erect  shrubs  appear  Violaceae  (Alsodeia),  Rubiaceae  (IVIussaenda,  Morinda, 
Ixora),  Urticaceae  (Boehmeria),  Verbenaceae  (Clerodendron),  Anonaceae  (Unona), 
Capparidaceae  (Capparis),  Myrsinaceae  (Maesa,  Ardisia),  Diospyraceae  (Diospyros), 
Connaraceae  (Connarus),  and  many  others. 

Herbaceous  plants  are  scanty.  In  the  dense  parts  of  the  forest  the  soil  is  covered 
only  with  decaj-ing  leaves,  stems  of  trees,  and  other  debris  ;  in  lighter  places,  how- 
ever, numerous  individuals  of  species  of  Strobilanthus  and  other  Acanthaceae, 
some  Aristolochiaceae  (Bragantia),  Urticaceae  (Elatostenia\  Piperaceae  (Piper), 
Rubiaceae,  Araceae,  Liliaceae  (Dracaena,  Dianella),  Commelinaceae  (Pollia),  a  few 
Cyperaceae  and  Gramineae,  many  Scitamineae,  and  still  more  ferns.  The  trees 
support  on  their  trunks  and  branches,  as  epiphytes,  Orchidaceae,  Cyrtandreae. 

Mosses  are  in  general  very  poorly  represented  except  as  epiphyllous  plants,  in 
which  state  they  are  plentiful. 

Lichens  occur  on  bamboos  and  on  the  top  branches  of  the  trees. 

Fungi  are  numerous,  in  particular  during  the  rains. 

Some  Algae  (Chroolepus,  Scytonenia)  occur  as  epiphytes  on  stems  and  leaves. 

The  open  evergreen  forest  largely  agrees  with  the  closed  forest  as  regards  the  com- 
position of  its  flora,  but  is  considerably  poorer  in  forms.  There  are  only  three  or 
four  tiers  of  vegetation,  and  but  few  lianes  and  epiphytes  occur,  so  that  this  forest  is 
less  impenetrable. 

iv.     TROPICAL   RAIN-FOREST  IN  AFRICA. 

The  description  of  the  ]\'cst  African  rain-fores i  on  the  Loango  coast 
given  by  Pechuel-Losche  is  picturesque  rather  than  scientific  ;  yet  it  affords 
a  vivid  picture  of  the  pliysiognomy  of  the  West  African  forest  (P'ig.  140). 

'  In  its  fullest  development  it  prevails  over  the  mountain  heights,  slopes,  and 
valleys,  as  well  as  over  the  plains  along  many  water-courses  ;  in  particular  it  lends 
incomparable  beauty  to  the  banks  of  the  Kuilu  river,  which  are  composed  of  very 
fertile  alluvial  land.     It  is  equal  to  the  grandest  forests  that  I  have  marvelled  at  in 
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other  countries.  Yet  it  does  not  contain,  as  for  instance  do  the  forests  of  Brazil, 
Guiana,  and  the  West  Indies,  large  and  small  forms  of  plants  crowded  together  in 
rich  confusion,  so  as  to  utilize  the  available  space  to  the  utmost  conceivable  degree; 
in  it  there  is  rather  a  rich  repetition  of  certain  forms  developed  into  giants  wliich 
invest  it  with  an  imposing  uniformity. 

'  It  admits  the  visitor,  as  it  were,  into  a  vast,  green,  vaulted  hall.  The  roof  of 
foliage  is  raised  aloft  twentj'  meters  above  the  ground  by  countless  columns,  often 
marvellous  in  shape.  Huge  stems,  without  a  branch,  straight  as  an  arrow  and 
cylindrical,  and  mingled  with  them  weaker  ones  that  are  gnarled,  bent,  and  re- 
peatedly branched,  all  lose  themselves  overhead  in  the  loose  mass  of  leaves,  which 
is  traversed  at  many  places  by  richly  foliaged  lianes.  A  subdued,  mysterious  light 
enfolds  the  bright-barked,  silvery-grey  or  brownish  boles,  whilst  here  and  there,  as 
in  a  church,  the  sun's  rays  play  in  quivering  golden  beams.  Evergreen  trees  as  tall 
as  our  finest  German  trees  constitute  the  chief  mass  of  the  forest,  with  their  tops 
closely  interlaced.  Above  this  dense  leaf-canopy  that  is  interwoven  with  climbing 
plants,  mighty  deciduous  trees,  resembling  our  beech-tree,  project  and  do  not  display 
their  finely  branched  crowns  before  a  height  of  thirty  to  fifty  meters.  Most  of  the 
trunks  exhibit  in  most  striking  manner  a  tendency  to  produce  buttresses  at  their 
base '.' 

After  a  detailed  account  of  the  buttresses  and  of  the  lianes,  the  author  continues : 
'Epiphytes  never  become  attached  to  the  bright  smooth  stems;  even  mosses  are 
relatively  unconunon.  The  underwood  is  scantily  represented,  only  dense  collections 
of  one  leafy  plant  with  straight,  very  long,  climbing  stems  occupy  certain  tracts. 
A  layer  of  dry  foliage  covers  the  ground  and,  embedded  in  it,  fallen  pieces  of  wood 
lie  mouldering.  Wherever  one  of  the  towering  giant-stems,  in  a  crashing  fall,  has 
crushed  all  the  forest-growth  beneath,  daylight  streams  through  the  wide  gap  in  the 
leaf-canopy  and  humbler  forms  of  plants  have  established  themselves,  whilst  young 
trees  struggle  upwards  in  keen  rivalry.  .  .  .  Even  though  the  mass  of  foliage,  formed 
of  layers  piled  one  above  the  other,  appears  to  constitute  a  completely  closed  cover 
to  all  that  stands  beneath,  yet  its  texture  is  loose ;  the  leaves  for  the  most  part  are 
arranged  in  tufts  at  the  end  of  the  twigs,  and  the  latter  are  not  so  much  subdivided  as 
in  our  German  forest-trees.  Hence,  everywhere,  rays  of  light  can  pass  through  the 
leaf-canopy,  and,  even  though  repeatedly  interrupted,  eventually  reach  the  ground.' 

The  East  African  rain-forest  is  more  poorly  developed  than  is  the  West 
African,  both  in  expanse  and  luxuriance  of  vegetation ;  it  appears  to  be 
chiefly  confined  to  the  mountain  gorges.  The  flora  of  the  rain-forest  of 
Usanibara  has  been  studied  by  Engler ; — 

Among  its  already  known  trees,  the  following  among  others  are  remarkable  for 
their  height  or  other  qualities  :—Mesogyne  insignis ;  Paxiodendron  usambarense 
(Lauraceae) ;  Albizzia  fastigiata  ;  Sorindeia  usambarensis  (Anacardiaceae)  ;  Stearo- 
dendron  Stuhlmannii  (Guttiferae) ;  Chrysophyllum  Msolo  (Sapotaceae).  These 
trees  are  30  to  60  meters  high.  Smaller  trees  are,  for  example,  Ficus  Volkensii 
(15  meters)  ;  Myrianthus  arborea  (10  meters,  Urticaceae) ;  Dasylepis  Integra  (up  to 
10  meters,   Bixaceae)  ;    Oxyanthus  speciosus  (up   to   10  meters,   Rubiaceae).      As 

'  Pechuel-Losche,  op.  cit.,  pp.  142,  145. 
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shrubs  and  dwarf  trees  of  the  underwood  are  found  species  of  Piper,  Cassia,  Brucea' 
(Simarubaceae) :  Pycnocoma(Euphorbiaceae),  Allophj'lus(Sapindaceae),  Alsodeiopsis 
(Olacaceae),  Haronga  (Hypericaceae),  Oncoba  (Bixaceae),  Clerodendron  (Verbe- 
naceae),  Whitfieldia  (Acanthaceael,  Pavetta,  Chasalia  and  Psychotria  (Rubiaceae), 
Vernonia  (Compositae),  and  a  low  tree-fern  (Alsophila  Holstiii.  The  herbaceous 
vegetation  is  chiefly  formed  of  ferns,  to  which  maj-  be  added  a  few  Scitamineae, 
Urticaceae,  Euphorbiaceae.  Lianes  are  rare  in  the  dense  forest  ;  epiphytes  consist 
chiefly  of  ferns,  in  a  less  degree  of  orchids  and  species  of  Peperomia  '. 

V.     TROPICAL   RAIX-FOREST  IN  AMERICA. 

The  tropical  virgin  forest  of  America  has  very  properly  acquired  the 
highest  reputation.  The  ordinar\-  descriptions  of  tropical  virgin  forest 
chiefly  refer  to  it  and  are  taken  from  the  works  of  Humboldt,  Martius, 
Schomburgk,  and  St.-Hilaire.  I  have  visited  the  virgin  forest  in  several 
parts  of  tropical  America,  the  Antilles,  \'enczuela,  and  Brazil.  I  found  it, 
in  many  ways,  far  more  majestic  than  in  Java,  owing  to  the  larger  dimen- 
sions of  the  trees,  the  greater  thickness  of  the  liane-stems.  and  the  greateil 
abundance  of  epiphytes.  The  essential  features  of  the  physiognomy  are 
however,  nearly  identical  in  both  lands,  in  accordance  with  the  similarity 
of  environment  in  both  cases.  Yet  not  onl)-  in  the  West  Indies,  but  alsc 
in  Brazil  and  South  Mexico — and  probably  in  other  parts  of  America- 
there  is  an  additional  characteristic  that  I  did  not  find  in  Java  and  which 
has  not  been  recorded  in  regard  to  the  Cis-gangetic  Indian  forests.  Thi.'i 
is  the  extraordinary  wealth  in  aerial  roots  descending  vertically  and' 
unbranched  through  the  air,  the  '  cipos  '  of  the  Brazilians,  which  form 
tightly  stretched  cords  connecting  the  climbing  and  epiphj'tic  Araceae  anc] 
Clusiaceae  with  the  nutritive  soil  (Fig.  152). 

Among  the  characteristics  of  the  flora  of  the  tropical  American  rain- 
forest, the  most  striking  is  the  presence  of  Bromeliaceae,  which  are  nearl) 
always  epiphytic  and  usually  form  an  important  constituent  of  the  vegeta- 
tion, remarkable  for  their  peculiar  forms  and  splendid  colouring.  Thd 
epiphytic  Cactaceae,  in  particular  species  of  Rhipsalis,  are  seldom  abseni: 
and  are  easily  recognizable. 

In  opposition  to  a  widespread  error,  it  must  be  insisted  that  palm-trees  are  b} 
no  means  necessary  as  prominent  constituents  of  the  tropical  rain-forests,  in  eithei 
the  New  World  or  the  Old  World.  Representatives  of  the  family  are  possibly  presen 
as  a  rule.  These  are,  however,  for  the  most  part  small  forms,  or  prickly  palm 
lianes.  Tall  erect  palms  are  usually  feebly  represented  in  the  forest,  for  instance  ir 
Java,  but  in  Dominica  I  have  seen  Euterpe  olerace5,  and  in  South  Brazil  Euterpe 
edulis  (Fig.  141),  growing  abundantly  in  the  virgin  forest.  Fig.  130  shows  a  fores; 
in  Samoa,  rich  in  palms. 

'  Engler,  op.  cit.,  p.  82. 


Fig.  141.  From  the  tropical  American  rain-forest.  Blunienau, 
Brazil.  On  the  left :  .'^chizolobium  excelsum ;  leafless.  On  the 
right  :  Euterpe  edulis.  In  the  centre  :  a  tree-fern.  From  a  photo- 
graph by  H.  Schenck. 


To  face  p,  302.] 
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vi.     TROPICAL  RAIN-FORESr  IN  AUSTRALIA  AXD  POLYNESIA. 
A  description  has  been  written  by  Tcnison-Woods  of  the  tropical  forest 


that  extends  tVoiii   the  northern  coast  of  Australia  towards  the  south-east 


along  the  coast   mountains  of  Queensland    (Fig.   142)   beyond  the   tropic 
of  Capricorn.     Unfortunately  I  have  been  unable  to  see  Tenison-Woods' 


s 

o 
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work,  and  know  it  only  from  the  abstract  given  by  Drude  ^  Of  tiie 
luxuriance  of  the  rain-forest  in  Samoa  a  vivid  representation  is  given  in 
Fig.  130. 

3.    OECOLOGICAL  CHARACTERISTICS  OF  PLANTS 
GROWING  IN  THE  RAIN-FOREST. 

The  plants  of  the  evergreen  tropical  rain-forest  are  markedly  hygro- ! 
philous,  and,  with  the  exception  of  some  epiphytes  which  are  exposed  to 
quite  peculiar  conditions  of  existence,  they  possess  a  corresponding 
structure.  All  the  features  that  in  an  earlier  chapter  we  recognized  as 
characteristic  of  the  vegetation  in  a  very  moist  climate,  such  as  feeble 
formation  of  cork  and  of  fibres  in  the  axial  parts,  ombrophilous  foliage,; 
hydathodes,  dripping-points  to  the  leaves,  are  strongly  marked  in  them. 
The  last-mentioned  peculiarities  of  hygrophilous  plants  appear  to  be  more 
strongly  developed  in  the  tropics  than  in  the  temperate  zones,  and,  for  the 
most  part,  have  been  first  observed  there. 

In  the  following  paragraphs  a  description  will  be  given  of  some  of  these 
peculiarities  of  the  tropical  rain-forest,  which  without  being  entirely  absent 
from  other  zones  yet  in  the  tropics  alone  attain  great  importance  and 
determine  the  oecological  features  of  the  vegetation. 

i.    TREES  AND  SHRUBS   OF  THE  RAIN-FOREST. 

The  stems  of  the  trees  whose  crowns  form  the  leaf-canopy  that  is  usuall) 
invisible  from  below  are  of  very  unequal  thickness,  and  usually  thinner  than 
in  less  dense  and  humid  virgin  forests.  Many  of  them  are  supported  al 
their  base  by  buttresses,  which  sometimes  consist  of  cyliiidrieal  roots  spring 
ing  from  the  stem  at  some  distance  from  the  ground,  as  in  species  0 
Cecropia  and  Myristica  ;  but  much  more  frequently  these  buttresses  assume 
the  form  ol  plank -like  ojitgroivths  of  the  base  of  the  trunk  and  of  the  upper 
most  roots,  and  they  may  be  termed  plauk-lnittresses  (Fig.  143).  Thesi 
plank-buttresses,  radiating  from  the  base  of  many  tree-trunks,  reach  up  t( 
a  height  mostly  of  one  or  two  meters  above  the  ground,  and  thus  forn 
deep  niches,  in  which  there  is  not  infrequently  ample  space  for  two  o 
three  men.  The  thickness  of  the  planks  is  often  so  small  that  they  cai 
be  employed  as  tables  without  any  further  manipulation.  Such  buttresse 
are  by  no  means  common  to  all  the  trees  of  the  rain-forest,  but  to  thi 
minority  only ;  they  chiefly  occur  on  very  tall  stems  that  are  comparativelj 
thin  above,  but  also  on  the  massive  stems  of  fig-trees. 

As  in  the  case  of  so  many  other  phenomena  of  tropical  vegetation,  the  botanil 
garden  at  Buitenzorg  aftbrds  a  splendid  opportunitj'  for  studying  plank-buttressci 
of  different  shapes,  and  indeed,  as  is  not  usuallj'  the  case  in   the   forest,  on  tree 

'  Drude,  Pflanzengeographie,  p.  495. 


CiiAr.  IV]    TROPICAL  DISTRICTS  CONSTANTLY  MOIST      305 

)f  known  systematic  position.  The  most  remarkable  of  these  structures  appear, 
IS  Haberlandt  has  already  stated,  on  trees  of  tiie  family  of  Sterculiaceae.  In  my 
lotes  I  find  Sterculia  spcctabilis,  Miq.,  Firmiana  colorata,  R.  Br.,  and  Pter3-gota 
Xoxburghii,  Schott  and  End!.,  as  specially  remarkable.  I  have  also  recorded  as 
vorthy  of  note,  Dysoxylum  niollissimum  and  D.  Kadoya  (Meliaceae) ;  Urostigma 
iltissimum  and  Cecropia  cyrtostachj'a  (Artocarpaceae) ;  Spathodea  campanulata 
Bignoniaceae)  ;  Vitex  timorensis.  V.  Cofassus,  V.  leucoxylon  (Verbenaceae) ;  most 
pecies  of  Terminalia  fCombretaceae).  No  plank-buttresses  are  possessed  by  tall 
rees  belonging  to  the  families  Sapindaceae,  Apocynaceae,  Sapotaceae,  or  to  species 
fMyristica.     Many  species  of  the  latter  genus  have  prop-roots.     Brandis  mentions 


!G.  1 43.  Sterculia  sp.  in  the  botanic  garden  at  Buitenzorg 

After  Haberlandt. 


Base  ot  stem  with  plank-buttresses. 


ank- buttresses  in  connexion  with  Bombax  malabaricum  and  species  of  Vitex, 
ntiaris,  Lagerstroemia,  Hj'menodictyon,  Nauclea,  and  others. 

The  plank-bntiycss  is  a  pCiuUarity  of  trees  in  a  tropical  climate  wit/i 
'undaiit  rainfall.  It  is  not  limited  to  the  evergreen  rain-forest,  for  it  also 
:curs  in  the  deciduous  monsoon-forest  {Fig.  189),  but  is  not  found  in  less 
iimid  districts.  The  amount  of  rainfall  necessar)-  for  its  appearance  is  not 
t  ascertained.  The  physiological  causes  of  the  phenomenon  and  its 
jnificance  to  the  life  of  the  tree  are  still  obscure. 

Owing  to  the  prejudicial  effect  of  humidity  on  the  formation  of  cork,  tJic 
rk  is  only  poorly  developed  on  most  of  the  tree-stems  in  the  rain-forest, 
ems  in  the  rain-forest   never  exhibit  scales  of  bark  of  such  surprising 
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thickness  as  occur  in  dry  tropical  districts.    Tlicy  are,  on  the  contrary,  mon 
frequently  quite  smooth,  or  marked  b\-  shallow  longitudinal  and  transvers' 

fissures.  Indeed,  the  forma 
tion  of  cork  is  often  si 
poor  that  moderately  thic' 
stems  are  green  owing  to  th 
chlorophyll  of  the  cortics 
layers  being  visible  throug 
it.  It  is  possible  that  thephc 
nomenon  of  cauliflory,  whic 
will  be  described  further  oi 
is  connected  with  the  feeb! 
development  of  bark. 

Rarely  in  the  forest  hf 
one  an  opportunitj'  of  gair 
ing  an  insight  into  the  pre: 
cise     arrangement    of    tV 
branches,  for  to  achieve  th' 
the    tree    must    be    felle 
In    this    respect    again   tl 
Buitenzorg     garden     giv 
ample  opportunity  for  stud 
although   it    should  alwa; 
be  remembered  that,  besid 
trees   of  the    rain-forest, 
also    contains    trees   of  d 
ciduous    forest,    of    littoi 
forest,  and  even  of  savanna| 
The  very  striking  forms  I" 
umbrella-like  trees  are  qui! 
exceptional  in  the  evergrej 
\irgin  forest — and  even  th| 
they  are   usuallj'  giants  J 
the    forest,    whose    crow; 
tower    above    the    gene;l 
leaf-canop\' — whilst  the  sljl 
more  striking  forms  of  t|; 
trees  with  their  branches  !i 
tiers    seem    to    be    entin.' 
absent    from    them.     Suii 
forms  of  trees  are  far  more  characteristic  of  well-lighted,  deciduous,  mc 
or  less  xerophilous  forest,  of  savannah,  and  of  the  highest  forest  regi 
in  the  mountains,  in  short,  of  a   drv   climate.      The  crowns  of  the  tm 


Fig.  144.  Schizolobium  excelsiim. 
by  Treub. 


.\fter  a  photograph  ■ 
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in  the  virgin   forest   arc  as  a  rule   oblong,  more  or    less   ovoid    in   shape, 
or  \'cry  irregular. 

In  tlic  careful  descriptions  of  Koorders  and  Valeton ',  the  form  of  the  crown 
is  given  in  the  case  of  the  majority  of  the  trees  described.  In  nearly  all  trees  of 
the  evergreen  forest  of  Java  this  is  described  as  ovoid,  or  irregular.  Trees  with 
umbrclla-sliaped  or  flattened 
hemispherical  crowns  are  re- 
presented by  Parkia  biglobosa 
(commoner  in  thin  deciduous 
forests  I,  Tarrietia  (a  rare  forest 
giantwithasomewhat  flattened 
crown  I,  Dysoxylum  mollis- 
sinium  (a  rare  forest  giant 
reaching  58  meters  in  height, 
with  an  irregular  umbrella- 
shaped  crown),  and  Cedrela 
febrifuga  (a  forest  giant  with 
a  hemispherical  crown,  also 
occurring  in  thin  deciduous 
forests). 

The  trees  of  the  iropieal 
rain -forest  are  far  less 
branched  than  those  of 
forests  in  temperate  zones. 
Many  tropical  trees  remain 
quite  unbranched,  for  in- 
stance tree-ferns,  cycads, 
palms,  and  many  small 
dicotyledonous  trees,  such 
as  Carica  Papaya,  species 
of  Theophrasta,  and  Ara- 
liaceae.  Many  commence 
to  branch  onl\-  when  they 
are  two  or  more  meters  in 
leight  and  have  a  stem 
is  thick  as  one's  fist,  as 
in  species  of  Albizzia. 
Bchizolobitnn     and    other 

Leguminosae,  Cecropia,  and  the  like ;  the  branches  that  appear  siibse- 
:iuently  either  remain  unbranched,  or  produce  merely  a  few  simple  lateral 
ixes  (Tigs.  144,  145).  PVequently,  even  in  very  lofty  trees,  only  three 
grades  of  branches  occur,  for  instance  in  species  of  Strombosa,  Cinchona, 

'  Koordeis  en  \'aleton,  op.  cit.,  I-III. 
X  2 


Fig.  145.  Averrlioa  Bilimbi.  A  Uee-like  o.\alitlaceous 
]>lant,  about  S  meters  high,  in  the  botanic  garden  at  Kiiilenzorjj. 
From  a  ]ihotograph.  Reproduced  from  Fngler  and  Prantl's 
Die  natiirlichen  Pflanzenfamilien. 
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Jagera,  Hopea.     In  the  case  of  European  forest  trees,  on  the  other  hand, 
higher  grades,  usually  5-8,  of  branches  prevail  (Wiesner). 

'  Even  in  the  largest  trees  I  have  seen  in  the  tropics,  the  number  of  grades 
of  branches  never  exceeded  five  (Ficus  elastica,  which  has  often  only  two  to  four, 
F.  religiosa,  Pterocarpus  indica.  Altingia  excelsa,  Grevillea  robusta).  The  numerous 
observations  of  Koorders  lead  to  the  same  result ;  exceptionally,  however,  higher  | 
grades  of  branches  occur.  The  complication  of  the  branching  concerns  only  the 
twigs  that  immediatelj'  bear  the  foliage.  Those  portions  of  the  axes  that  have 
become  leafless  are  throughout  only  feebly  branched.' 

The  leaves  of  the  trees  in  the  rain-forest  are  highly  diversified,  frequently 
of  firm  leathery  consistence  and  very  glossy,  but  seldom  are  they 
finely  pinnate  or  felted  with  hairs.  They  are,  as  Wiesner  has  explained 
in  detaiP,  usually  set  obliquely  as  regards  the  zenith,  often  aggregated 
in  tufts  at  the  ends  of  long  bare  axes  (Fig.  145). 

The  shrubs  of  the  rain-forest,  like  the  trees,  are  for  the  most  part 
sparsely  branched  when  compared  with  the  shrubs  of  the  forests  of  Central 
Europe.  Their  leaves  are  usually  large,  delicately  membranous,  seldom, 
coriaceous. 

ii.     TERRESTRIAL  HERBS  OF  THE  RAIN-FOREST. 

The  terrestrial  herbs  (Figs.  135,  136)  are  sometimes  erect,  sometime: 
creeping,  feebly  branched,  and  nearly  always  provided  with  elongated  axes 
in  accordance  with  the  great  humidity  dense  rosettes  do  not  occur 
Wherever  the  shade  is  denser  the  soil  bears  only  delicate  weeds,  which 
by  their  weak  roots,  their  large  and  excessively  delicate  leaves,  the  scanty 
development  of  fibres  and  of  vessels  in  their  turgid  brittle  stems,  exhibit  ir 
the  clearest  manner  the  influence  of  moisture  in  both  the  soil  and  air 
Various  Rubiaceae  and  Urticaceae  are  illustrations  of  these  features. 

Many  herbs  growing  on  the  ground  of  the  virgin  forest  are  provided  witl 
wonderful  markings  on  their  foliage,  in  the  way  of  white,  silver)',  golden,  o 
red  spots  and  stripes,  which  have  raised  many  of  them  to  the  rank  of  choio 
ornamental  plants,  like  species  of  Begonia,  of  Marantaceae,  of  Orchidaceae 
Stahl  considered  these  coloured  flecks  as  devices  for  increasing  transpira 
tion.  His  discussion  of  this  subject  is  sagacious  and  suggestive,  but 
owing  to  the  want  of  quite  conclusive  experiments,  is  still  too  h}-pothetica 
to  merit  detailed  consideration. 

Not  unfrequently,  particularly  in  very  moist  and  shady  spots,  the  foliag 
of  the  herbs  exhibits  the  velvety  surface  (Fig.  24),  the  connexion  of  whic, 
with  the  concentration  of  light  and  fiu'therance  of  transpiration  has  alread' 
been  described  ^.  In  similar  places,  the  foliage  of  many  plants,  especiallj 
species  of  Selaginella  and  Trichomanes,  glistens  with  a  metallic  bin' 
lustre. 

'  Wiesner,  op.  cit.,  pp.  73-4.  -  See  p.  19.  I 
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A  peculiar  form  of  vegetation  is  proiluccd  by  the  Ilymcnophyllaccac 
(Fig.  i4''i).  never  absent  from  the  deepest  sliade  of  the  forest,  wliicli.  though 
the}'  often  clothe  the  bases  of 
tree-trunks  as  epiphj'tes,  yet 
also  occLU'  oil  the  ground  and 
on  rocks,  and  in  any  case  do 
not  assume  the  peculiar  char- 
acters of  epiphytic  plants.  The 
Hymenophyllaceae  (Hymeno- 
phyllum  and  Trichomanes)  il- 
lustrate the  great  humidity  of 
the  virgin  forest  better  than  any 
other  plants,  as  thej'  have  many 
features  in  common  with  aquatic 
plants.  Their  delicate  leaves 
usually  consist  of  only  one  layer 
of  cells,  excepting  over  the 
\eins,  absorb  water  by  their 
whole  surface,  and  shrivel  up 
quickly  whenever  the  atmo- 
sphere is  not  wcllnigh  saturated 
with  water  -  vapour.  As  in 
aquatic  plants,  the  greatly  re- 
duced roots  play  merely  a 
subordinate  part  as  organs  of  fixation,  or  may  be  entirely  absent '. 

iii.    LIANES  OF  THE  RAIN-FOREST. 

The  most  peculiar  components  of  the  rain-forest,  those  which  first  strike 
travellers  and  are  most  frequently  mentioned  by  them,  are  liancs  and 
ipip/iyics.  Both  these  forms  of  vegetation,  it  is  true,  also  occur  in  other 
torests,  and  are  not  confined  to  the  tropics,  but,  as  has  already  been  shown-, 
the  tropical  rain-forest  is  the  original  home  of  nearly  all  the  higher  epi- 
phytes, even  of  those  that  occur  in  open  dry  tracts  of  country,  and 
wood)'  lianes  have  in  the  tropical  rain-forest,  if  not  their  sole  place  of 
origin,  j-et  certainl}-  the  site  of  their  most  luxuriant  development  and  of 
their  greatest  diversity  of  form.  Lianes  and  cpiph}'te3  exhibit  a  connexion, 
to  this  extent,  that  a  forest  rich  in  woody  lianes  is  rich  usualh'  in 
epiphytes  also,  and  the  representatives  of  both  these  guilds  frequently 
belong  to  the  same  families.  The  origin  of  both  forms  is  to  be  traced 
back  to  the  same  factors,  the  struggle  for  light  assisted  by  abundance 
of  moisture  ;  they  are  connected  by  intermediate  forms,  and  many  epiphytes 
have  apparently  been  evolved  from  lianes. 

See  in  particular  the  cited  works  of  Prantl  and  iMettenius.  *  See  p.  198. 


Fig.  146.  Hymcnophvll.iceae  which  .ire  epi|ihytic 
on  tree-ferns  in  the  tropical  rain-forest  of  America  at 
Bliimenaii,  .South  Brazil,  i.  Trichom-ines  angiistattnn, 
Carni.     2.  Trichomanes  siniiosiim,  Rich. 
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The  oecological  peculiarities  of  lianes,  so  far  as  their  general  features  are 
concerned,  have  been  described  in  a  former  chapter  \  but  the  few  types, 
distinguished  there  according  to  their  modes  of  chmbing,  give  no  idea  of 
the  rich  diversity  in  the  forms  of  tropical  lianes,  and  the  diagnostic 
characters  which  were  considered  are  usually  withdrawn  from  view  within 
the  forest,  excepting  in  the  case  of  root-climbers.  Many  lianes  belonging 
to  quite  different  oecological  types  closely  resemble  one  another  in  their 
lower  portions,  which  alone  are  visible,  whilst  others  are  easily  recogniz- 
able by  their  mode  of  growth, 
and  in  particular  by  the  shapes 
of  their  stems  -. 

Climbing  palms  form  one 
of  the  most  characteristic  and 
frequent  types  among  lianes 
of  the  tropical  rain  -  forest ; 
they  include  types  of  Cala- 
mus and  some  allied  small 
genera  in  tropical  Asia  and 
Australia,  species  of  Oncocala- 
mus  and  other  Raphieae  in 
tropical  Africa,  and  of  Des- 
moncus  in  tropical  America. 
The  slender,  tough,  and  often 
prickly  stems,  well  known  as 
'  rattans,'  in  many  tropical 
forests  form  extensive  con- 
fused masses  (cane  -  brakes), 
which  can  be  cut  through  only 
with  the  greatest  trouble  by 
means  of  the  bill-hook,  and 
which  lie  in  immense  coils  on 
the  ground.  One  portion  of  a 
stem  that  had  been  torn  down  was  measured  by  Treub,  and  was  240  meters 
in  length  (Fig.  148). 

Their  manner  of  climbing  is  even  more  characteristic  of  palm-lianes  than 
is  their  mode  of  growth.  In  Calamus  and  the  Raphieae,  the  rachis  of  the 
leaf  is  prolonged  into  a  long  flexible  flagellum,  provided  with  hooked 
thorns,  and  this,  as  an  organ  resembling  a  tendril  but  not  irritable,  most 
effectively  fixes  the  leafy  end  of  the  shoot  to  the  branches  of  the  support- 
ing tree.  When  once  the  summit  of  the  supporting  tree  has  been  reached 
by  the  liane,  and  hence  its  further  growth  upwards  is  pre\ented,  the  older 

'  See  p.  192. 

-  See  Schenck,  I  and  II,  regarding  the  subject  of  this  and  the  following  paragraphs. 


Fig.  147.  Gnetiim  sranclens  on  a.  coconut  pahii.    From 
a  photograph  hy  G.  Karsten. 


!l 


Fig.  14S.  A  liane  in  the  botanic  garden  at  Peiadenyia.     From  a  photograph. 


To  /ace  p.  310.] 


Fig.  149.  Paini-lianes  in  the  botanic  i;nrden  at  Buitenzorg 
From  a  pliotograph  by  M.  Tieiib. 
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portions  of  its  axis  that  have  lost  tlicir  leaves  slip  down  owing  to  their 
weight,  and  finally  rest  on  the  tree  in  the  form  of  the  coils  alreadj'  mentioned. 
These  coils  arc  well  seen  in  Fig.  149. 

Still  more  peculiar  are  the  climbing  devices  of  the  American  species  of 
Desmonciis,  which  I  studied  closely,  particularly  in  the  forests  of  Trinidad. 
In  this  case  the  topmost  pair  of  pinnae  are  converted  into  long,  powerful, 
recurved  thorns,  so  that  the  elongated  rachis  resembles  a  harpoon. 

Climbing  palms  may  be  oecologically  considered  as  the  highest  stage  of 
the  class  of  scrainb/crs  (Fig.  150),  to  which  many  other  lianes  in  the  rain- 
forest  belong.    Bambuseae   among    others.      Many   species   of  Bambuseae 


Fig.  150.  Edge  of  foiest  in  Amboina  wiih  a  palm-liane.     From  a  photograph  by 

G.  Karsten. 


climb  high  up  the  tree  ;  but  more  frequently  they  remain  within  reach 
of  the  underwood,  and  fix  themselves  to  the  branches  of  the  smaller  trees 
and  shrubs  by  means  of  their  recurved,  long  and  thorn-like  vegetative  buds. 
Special  climbing  organs  are  not  therefore  present  in  this  case,  but  some 
peculiarities  of  the  buds,  in  particular  their  curvature,  may  have  arisen  as 
adaptations  for  climbing. 

Cyclanthaceae  and  Pandanaceae,  which  are  allied  to  palms,  also  possess 
lianoid  representatives.  Of  Cyclanthaceae  we  find  lianes  in  species  of  the 
genera  Carludovica  and  Sarcinanthus  (tropical  America) ;  of  Pandanaceae, 
numerous  species  of  Freycinetia  in  the  Malay  Archipelago  and  Polynesia 
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are  lianes.     All  three  genera  consist  entirely  or  partially  of  root-climbers, 


Fig.  ifi.  A  p.ilm,  the  lower  part  of  whose  stem  is  encircled  by  a  loot-climliing  fein,  and  its 
upper  part  by  Freycinetia  sp.  Samoa.  Altitude  300  meters.  From  a  photograph  taken  under 
the  direction  of  Kiippen-Loosen. 

and  within  their  own  areas  form  common  and  striking  constituents  of  the 
rain-forest.     The  Freycinetieae  (Fig.  151)  are  tall  climbers,  which  reach 


^i^^»0^' 


Priiite'd  by  J.  B.  Obernettet,  Muiiicb,  Germany 


Fig.  IS2.  Root-climbing  lianes  on  a  tree-stem  in  the  South  Mexican  rain-forest  (Province 
of  Chiapas).  Below :  Sarcinanthus  ulilis,  with  bipartite  leaves.  Further  up  :  Araceae.  Highest 
of  all :  epiphytic  shrnbs  are  visible  near  leaves  of  Araceae.  Around  the  stem,  the  cord-like 
aerial  roots  of  Araceae  on  the  branches  of  the  tree.     From  .1  photograph  by  G.  Karsten. 
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the  crowns  of  the  lii^hcsl  trees  and  clothe  their  stems  most  hixiiriantly  with 
long- leaved  shoots.  The  species  of  Carludovica  are  less  lofty  and  less 
vigorous  climbers.  Yet  I  saw  Carludovica  Plumieri  pla.\-  an  imposing,'  l^art 
in  the  forests  of  the  Lesser  Antilles,  where  as  a  pronounced  shade-plant  it 
enveloped  all  the  stems  in  the  gloom\-  forests  with  its  palm-like  leaves, 
between  which  iirojected  its  extremely  peculiar  creamy-white  spadiccs 
decked  with  long  filiform  staminodes.  Sarcinanthus  with  one  species,  S. 
utilis.  is  limited   to  the  forests  of  Central  America  and   Southern  Mexico. 


Fig.  153.   Sarcinanthus  utilis  (Cyclanthaceae)  climbing  on  tree-stems  of  the  .South  Mexican 
rain-forest.     Province  of  Chiapas.     From  a  photograph  by  G.  Karsten. 

It  is  easily  recognizable  in  our  Figs.  129,  152,  and  153.  by  its  bipartite 
leaves. 

Among  other  monocotyledonous  lianes,  besides  those  mentioned,  the 
Araceae  are  in  the  first  rank.  The  large  genera  Philodendron,  Monstera, 
Pothos,  and  some  smaller  ones,  contain  a  number  of  tall  large-leaved  root- 
climbers,  that  form  one  of  the  most  striking  features  of  the  tropical  rain- 
forest, particularly  in  America  (Figs.  129,  152). 

The  stems  of  these  lianes,  like  those  of  Carludovica,  produce  along  their 
whole  length  numerous  adventitious  roots  of  quite  dissimilar  anatomical 
and  physiological  natures  (Figs.  154,  ijj).  Some  are  developed  as 
anchoriiig-roots  and  are  relatively  short  (often  2-3  decimeters,  or  even  le.ss); 
fhey  are   markedly   negatively  heliotropic,  so  that  they  press  themselves 
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directl}^  against  the  support ;    they  grow  nearly  horizontally,  whether  it  be 
owing  to  diagcotropism  or  to   rectipetality.     In  the  histological  structure 
of  the  anchoring-roots  the  mechanical  elements  are  prominent,  particularly 
in  the  form  of  tough  fibres,  whilst  the  conducting  elements  are  very  poorly  | 
developed  (Fig.  155,/'). 

The  ahsorbiiig-roots  are  markedly  positively  geotropic  and  grow  down- 


FiG.  154.  Stem  of  Philodendion  melano- 
chrysuin  uith  vertical  absorbing-roots  and 
horizontal  anchoring-roots.  One-sixth  natural 
size.     Alter  Went. 


KiG.  155.  Aiithiirium  sp.,  from  Trinidad. 
Epiphytic  liane.  Transverse  sections  of  roots. 
a  absorbing-root ;  /'  anchoring-root.  Mag- 
nified 10. 


wards  without  branching  until  they  reach  the  ground ;  once  there,  apical 
growth  usually  ceases  soon,  while  numerous  lateral  roots  spring  from  the 
apical  region  and  descend  vertically  into  the  soil.'  The  same  thing  happens 
if  the  roots  reach  water.  In  many  species,  the  absorbing-roots  creep  over 
the  surface  of  the  bark,  alongside  of  their  own  stem  ;  but  in  others, 
particularly  in  those  that  climb  high  up  among  the  branches,  the  absorbing- 
roots  descend  freely  through  the  air,  and,  after  emitting  terrestrial  roots. 


CliAi'.  IV]     TROPICAL  DISTRICTS  CONSTANTLY  MOIST      315 

form  tiglith-  stretched  coi'ds  (Figs.  1,52,  1.59),  wliicli  are  often  exceedingly 
long  but  only  about  as  thick  as  a  lead-pencil,  and  arc  extensively  used  as 
rope  ('cipo'  of  the  Brazilians)  in  their  native  country;  this  latter  type 
I  observed  in  America  alone,  where  however  it  was  very  common.  In  the 
absorbing-roots  in  contrast  with  tlic  anchoring-roots,  the  conducting 
elements  arc  strongly  developed  and  the  mechanical  elements  weakly 
(Fig.  i.Vu't)- 

Besides  the  root-climbers  mentioned,  there  are  in  the  rain-forest  many 
others — of  woody  kinds,  for  instance,  species  of  Piper  and  of  I'icus  ;  of 
herbaceous  kinds,  species  of  Vanilla  and  of  Begonia.  In  tropical  America 
the  species  of  Marcgravia,  which  also  climb  by  means  of  anchoring-roots, 
are  widespread,  and  they  are  striking  by  reason  of  the  strongly  marked 
dimorphism  exhibited  by  the  leaves,  those  on  the  branches  adpressed  to  the 
supporting  trunk  differing  from  those  borne  by  the  branches  spreading 
freely  from  it ;  their  peculiar  inflorescences  are  also  a  remarkable  feature. 

Here  and  there  tree-trunks  of  the  rain-forest,  but  only  those  of  moderate 
diameter,  are  entwined  by  lianes  (Fig.  147).  But  this  feature  is  not  exactly 
nmmon.  Most  twiners  stand  up  quite  free,  often  as  straight  as  an  arrow, 
between  the  stems  of  the  trees,  whether  it  be  that  they  have  raised  them- 
seh'cs  to  the  light  on  a  thin  stem  that  has  since  died,  or  at  first  have  grown 
up  without  support.  Of  the  lofty  twiners  of  the  tropical  rain-forest  may  be 
particularly  mentioned,  Menispermaceae,  Magnoliaceae  (Schizandra.  Kad- 
sura).  Malpighiaceae,  I^uphorbiaceae  (Tragia,  Dalechampia),  Combretaceae 

ombretum,  Ouisqualis),  Asclepiadaceae,   Compositae  (Mikania). 

The  majorit)'  of  large  kinds  of  woody  lianes  of  the  tropical  rain-forest,  in 
particular  those  with  stems  as  thick  as  one's  leg  and  lobcd  or  cleft  in  cross- 
section,  belong  to  the  highest  type  of  climbing  plants,  the  tendril-climbers. 
As  a  rule  one  can  recognize  this  character  only  on  obtaining  a  view  of  the 
upper  portion  of  the  climber,  and  this  lies  concealed  in  the  branches  of  the 
leafy  canopy  of  the  forest.  Standing  on  the  ground  at  the  bottom  of 
the  rope-like  stem  of  the  climber  the  method  of  attachment  of  its  upper 
parts  is  as  little  recognizable  as  is  that  of  a  ship's  backstay  to  the  mast 
when  looked  at  from  the  deck. 

Many  of  the  most  widely  distributed,  most  striking,  and  largest  tendril- 
climbers  both  in  the  Old  and  New  Worlds  belong  to  the  large  genus 
Bauhinia,  the  species  of  which — many  of  them  hitherto  undescribed  owing 
to  lack  of  flowers — have  axes  with  a  flattened  band-like  form  and  exhibiting 
more  or  less  strongly  marked  wavy  curvatures  (Fig.  156).  In  tropical 
America  they  are  very  common.  I  have  seen  them  abundant  in  Brazil  and 
in  the  Antilles,  but  most  of  all  in  Trinidad,  where  the  zigzag  loops  of  the 
relatively  younger  branches  hang  down  from  the  leaf-canopy  in  all  parts  of 
the  forest.  The  undulations  do  not  occur  on  young  axes,  and  they  disappear 
again  at  an  earlier  or  later  time  of  life,  because  straight  layers  of  wood  are 
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Fig.   156.   Bauhinia  sp.,  from  the  rain-forest  at 
Blumenau  in  South  Brazil.  I.  Part  of  a  young  axis. 

2.  Part  of  a  quite  young  and  still  straight  axis. 

3.  Longer  piece  of  the    a.xis   of  which    figure   i 
shows  a  part.     Reduced. 
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deposited  on  the  curved  ones  (Fig.  157).  Tiic  original  wavy  part  of  tlie 
axis  then  represents  a  narrow  ladder  between  two  massive  ladder- 
standards. 

The  oecological  significance  of  the  undulations  is  apparent  so  soon  as  an 
attempt  is  made  to  pull  down  the  liane.  The  branches  of  the  supporting 
tree  are  so  firmly  caught  into  the  concavities,  which  are  aided  by  the 
downwardly  directed  hook-like  stumps  of  the  lateral  branches,  that  such 
attempts^  if  they  succeed  at  all,  do  so  onh^  b)'  the  breakage  of  many  twigs. 
On  the  other  hand,  when 
once  the  stem  has  become 
>traight,  no  further  hindrance 
occurs,  and  its  weight  causes 
it  to  slip  gradually  to  the 
L^round.  That  even  wavy 
axes  may  slip  down  owing 
to  the  death  of  supporting 
branches  and  to  their  own 
considerable  weight  is  shown 
by  their  frequently  hanging 
down  from  the  leaf-canopy. 

Of  other  lofty  tendril- 
climbers  in  the  tropical  rain- 
forest we  have  of  branch- 
climbers  many  Sapindaceae 
[umtcli-spriug  climbers)  with 
emarkable  cable-like  stems 
composed  of  strands,  species 
of  Securidaca  (PoI}-galaceac) 
(Fig.  103),  species  of  Hippo- 
cratea  in  both  the  Old  and 
New  Worlds,  species  of  Dal- 
bergia  (P"ig.  104)  and  Ma- 
chaerium  in  Brazil,  many  Anonaceae  [hook-clinibcrs)  in  tropical  Asia,  and 
species  of  Cissus  (stcm-tcndril  cliuibcrs)  ;  of  leaf-tendril  elivibcrs  the 
Bignoniaceae  have  a  wood  that  is  cruciform  in  transverse  section. 

iv.    EPIPHYTES  OF  THE  RA1N-F0REST\ 

To  a  still  greater  degree  than  lianes,  epiphytes  contribute  to  the  charac- 
teristic physiognomy  of  the  tropical  virgin  forest.  Resting  on  the  trunks 
of  the  trees  and  on  the  twigs  right  up  to  their  extreme  tips  is  a  wealth  of 
phanerogams  and   ferns,   not  only  herbs,  but   also  shrubs   and   even   trees 

^  Schimper,  I  and  II. 


Fig.  157.  Bauhiiiia  sp. ,  Pernambuco.     The  wavy  young 
axis  is  placed  between  two  straight  layers  of  growth. 
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(Figs.  158,  159)  ;  whereas  in  Europe  only  mosses,  lichens,  and  small  Algae' 
can  grow  in  such  situations.  In  the  rain-forest  such  small  forms  as  are  thej 
epiphytic  vegetation  in  Europe  are  usually  driven  out  on  to  the  leaves.  | 
which  they  frequently  densely  coat,  and  are  then  termed  cpiphyllous\ 
plants. 

The  sites  occupied  by  epiphytes   generally  appear  little  suited  for  the 
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Fig.  158.  Obliquely  growing  tree-stem  with  epiphjtes.  l-rom  right  to  left:  above,  I'hilodemlron 
cannaefoliiim ;  below,  pendent,  Codonanlhe  Devosiana  ;  above,  Ficus  sp.  (arborescent:,  Vriesea; 
below,  Anthurium  sp.,  Rhipsalis  two  species.     From  a  photograph  by  H.  Schenck. 

nutrition  of  large  plants.  Epiphytes  are,  however,  frequently  found  on  very 
rough  bark,  in  the  forks  of  branches  where  hcimus  has  collected,  in  the 
persistent  pocket-like  leaf-bases  of  palms,  and  in  similar  positions.  Many 
of  them  occur  chiefly  on  quite  smooth  surfaces,  such  as  the  mast-like 
stems  of  many  palms,  the  still  smoother  as  it  were  polished  stems  of 
bamboos,  and  also  on  glossy  leaves.      The  wisps  of  Tillandsia  usneoides 


I 


p,  .^''°-. '?9-  'ree-trimk  with  epiphytes.  Blunienau,  Brazil.  Beluw:  Viiesea  Above- 
Khipsalis  sp.  To  the  right:  cord-like  ai;rial  roots  (absorbinsj  roots)  of  Philodendron  sp. 
io  the  lelt :  an  obliquely  asceinling  liaiie-stem.    From  a  photograph  by  H.  Suhcnck. 
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scNcial  nicUrs  in  length,  lie  rootless  and  without  any  attachment,  thrown 
down,  as  it  were,  on  to  the  ends  of  branches  (I'^ig.  4<S)  ;  and  Aspleiiium 
Nidus  frequently  supports  its  funnels  that  are  more  than  a  meter  in  height, 
in  rows  along  thin  liane-stems. 

According  to  their  mode  of  life,  epiplij-tes  may  be  classified  in  four 
groups  : — 

1.  I'KOTO-EI'II'IIYTES.  This  is  a  very  slightly  homogeneous  group,  and 
includes  species  that  are  conipiilcd  to  acquire  iioniishincnt  from  the  surface 
of  ilic  supporting  structure  and  from  direct  supplies  from  atmospheric 
sources. 

2.  He.mi-epifhvtes.  These  are  epiphytes  that  germinate  and  pass 
I'lrough  their  earliest  development  on  trees,  but  subsequently  become  connected 
icith  the  ground  by  their  roots,  so  that  as  regards  their  nutrition  thej' 
are  subject  to  the  same  conditions  as  terrestrial  plants,  particularly  root- 
climbing  lianes. 

3.  NEST-EPirnYTES.  This  group  is  composed  of  species  that  by  appro- 
priate devices  collect  large  quantities  of  humus  and  ivatcr. 

4.  TAN'K-EriPliYTES.  In  these  tlu-  root-system  is  developed  only  as  an 
anclioring-apparalus,  or  is  entirely  suppressed,  so  that  the  ivhole  process  of 
Nutrition  is  carried  on  by  the  activity  of  the  leaves.  The  epiphytic  Brome- 
liaceae,  at  least  in  the  tropics,  are  the  sole  representatives  of  this  group  ; 
the  New  Zealand  genus  Astelia,  consisting  of  lianes,  appears  to  follow 
them. 

Proto-epiphytes  are  frequently  devoid  of  definite  adaptive  features.  Thus, 
for  instance,  small  ferns  that  grow  on  moist  fissured  bark  differ  in  no  way 
from  those  on  the  ground.  In  general,  however,  even  the  ferns  of  this  group 
are  distinguished  from  the  allied  terrestrial  plants  of  the  evergreen  rain- 
forest by  their  decided  xerophilous  character,  which  the  irregular  and 
scanty  supply  of  water  from  their  substratum  sufficiently  explains.  The 
epiph}'tes  of  the  humid  forest  show  protective  devices  against  the  loss  of 
water  by  transpiration,  similar  to  those  usual  among  plants  that  inhabit 
phj'siologically  dry  stations.  Such  protection  in  this  case  is  very  rarel}" 
afforded  by  hairs,  much  more  frequenth-  b}'  a  ver\-  thick  cuticle  and  by 
a  sinking  of  the  stomata  into  funnel-shaped  depressions,  most  frequently, 
however,  by  devices  for  the  storage  of  the  water,  which  at  one  time  is 
in  excess  on  account  of  the  rain,  at  another  time  is  very  scanty.  Such 
water-reservoirs  may  be  developed  in  the  form  of  a  massive  aqueous 
tissue  in  the  leaves,  which  then  appear  to  be  remarkably  thick  and  juicy,  as 
in  Peperomia,  species  of  Aesch}'nanthus  and  other  Gesneraceae  (Fig.  16  a), 
many  Asclepiadaceae,  or  numerous  water-tracheids  are  present,  as  in 
the  leaves  of  man}-  orchids  (Fig.  16),  or  special  plant-members  are  converted 
into  water-reservoirs.  Thus,  the  tuber-like  structures  possessed  by  so  many 
epiph)-tes — for  instance  numerous  orchids,  though  not  all  of  them — man)' 
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Ericaceae,  Utriculariae,  the  young  fig-tree  (Fig.  160),  also  the  spindle- 
shaped  swollen  petioles  of  Philodeiidron  cannaefoliuin,  and  the  older, 
yellowish,  greatly  thickened  leaves  of  species  of  Peperomia  and  of  Gesne- 
raceae,  supply  the  plants  to  which  they  belong  with  water,  so  that,  as  has 
been  proved  experimentally,  they  thrive  without  receiving  any  water  from 
outside  so  long  as  this  supply  is  available,  but  rapidly  wither  whenever  it  is 
exhausted. 

Whilst  the  roots  of  many  proto-epiphytes  do  not  differ  essentiallj'  from 
those  of  terrestrial  plants,  others  are  provided  with  a  mechanism  by  which 
every  drop  of  falling  water  is  at  once  absorbed.  This  takes  place  by  means 
of  the  vclamcn.  a  tissue  that  covers  the  roots  of  nearly  all  epiphj'tic  orchids 

(Fig.  161)  and  of  certain  epiphytic  Araceae. 
The  cells  of  this  tissue,  which  is  usually  com- 
posed of  several  layers,  resemble  tracheids,  are 
provided  with  spiral  bands,  and  in  dry  weather 
contain  air.  They  are  bounded  within  by  an 
endodermls  (exodermis),  some  of  whose  cells 
are  differentiated  as  passage-cells.  If  water 
reaches  the  root  it  is  sucked  up  b)'  the  \elamen 
as  if  by  blotting-paper,  and  fills  the  cell-cavities. 
Thence  it  passes  more  slowly  through  the  pas- 
sage-cells into  the  interior  of  the  root. 

The  roots  of  the  epiphytes  of  this  group  are 
for  the  most  part  exposed  to  light  and  con- 
sequently often  contain  chlorophyll.  This  cir- 
cumstance has  caused  one  of  the  most  peculiar 
adaptive  features  among  epiphytes,  namely  the 
differentiation  of  the  root-s\'Stem  as  the  sole 
organ  of  assimilation,  with  at  the  same  time  an 
atrophy  of  the  leaves.  Such  assimilating  roots 
either  creep  along  the  bark  or  hang  freely  down 
through  the  air;  they  are,  in  man)-  cases,  dorsiventral  (Fig.  114),  and,  to 
permit  the  interchange  of  gases,  they  are  always  provided  with  permeable 
places  which  are  absent  from  the  weakly  assimilating  roots  of  other  orchids. 
To  the  henii-epiphytes  belong  chiefly  very  large,  partly  arborescent  forms, 
such  as  the  epiphytic  fig-trees,  species  of  Clusia  and  Carludovica,  and  large 
Araceae  belonging  to  the  genera  Philodendron  and  Anthurium.  At  first 
the  hemi-epiphyte  behaves  like  one  of  the  proto-epiphytes  and  develops 
similar  water-reservoirs.  Its  roots  are  of  one  kind,  and  all  serve  as 
anchoring  and  absorbing  organs.  Later  on,  as  in  the  root-climbing 
Araceae^,  there  sets  in  a  sharp  differentiation  of  short  anchoring-roots 
and  long  absorbing-roots,  and  the  absorbing-roots  descend  to  the  ground, 

'  See  p.  313. 


Fig.  160.  FicMS  sp.  Epiphyle. 
A'oung  plnnt  with  tuber.  Natural 
size.     After  Went. 
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so  that  the  epiphyte,  tliougli  placed  hiyh  ui>  on  a  tree,  yet  resembles  a 
terrestrial  jilaiit  in  regard  to  its  absorption  of  nutriment.  Many  epiphytes 
of  this  class,  like  Carludovica  Plumieri,  which  has  already  been  described, 
ind  se\-cral  Araceae  are  at  the  same  time  lianes  ;  on  the  other  hand,  tliere 
ire  also  lianes  that  germinate  in  the  soil,  but  their  stems  gradually  die 
rom  below  upwards,  so  that  in  their  later  stages  they  subsist  just  like 
lemi-cpiphytes.     They  have  been  termed  pscndo-cpiphytcs. 

The  largest  of  the  hemi-epiphytes  in  the  tropics  of  both  hemispheres  are 
:>ecies  of  the  genus  Ficus.     The  gigantic  banyan-tree,  Ficus  bengalensis 


Fig.  161.  Dendiobiiim  nobile.  Transverse  section  through  the  aerial  root,  vl  velamen; 
exodermis  ;  /  passage-cells  in  the  e.xodermis ;  c  cortex ;  <,■/  endodermis ;  /  pericycle  ;  s  xylem  ; 
phloem  ;  m  pith.     Magnified  28.     After  Strasburger. 

ig.  162),  of  the  East  Indies  is  universally  known  as  an  immense  living 
lumncd  hall,  consisting  of  a  flat  expanded  canopy  of  leaves  and  numerous 
m-like  prop-roots  growing  down  from  the  boughs.  Like  all  hemi- 
iphytes,  the  banyan  germinates  on  the  bough  of  a  tree,  and  at  first 
s  only  such  nutritive  substances  available  as  occur  on  the  bark  of  the 
pporting  branch.  When  once,  however,  its  absorbing-roots  are  de- 
loped  ',  the  supporting  tree  soon  perishes  under  the  shade  of  its  rapidly 
pwing  guest,  so  that  but  for  the  knowledge  of  the  development  of  the 
iiyan  the  former  presence  of  its  host  would  never  be  conjectured. 

•  See  p.  314. 
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Like  many  other  arborescent  forms  of  this  group,  the  banyan  is  an   epipliyte 
proper  in  its  youth  only.     When  once  it  has  developed  its  absorbing-roots,  which 


in  this  case  resemble  columns  and  become  very  thick,  and  when  the  original  hoi 
tree  is  dead,  the  banyan  becomes  quite  an  independent  plant.     New  absorbing-rool 
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whicli  in  this  case  arc  also  supporting-roots,  arc  constantly  being  formed  by  the 
horizontally  spreading  crown,  and  thus  its  columned  hall  is  built  up.  In  most  hemi- 
epiphytes,  if  the  absorbing-roots  have  no  mechanical  functions  to  fulfil  they  remain 
soft  and  flexible. 

The  collecting  of  humus  that  forms  the  characteristic  of  the  ncsl-epiphytes 
takes  place  in  various  ways.  It  is  sometimes  the  roots  that  become 
interwoven  into  a  large  sponge-like  frame,  whicli  detains  falling  leaves  and 
the  like,  even  after  their  decomposition,  as  in  many  orchids  (Fig.  163)  ; 
sometimes  the  leaves  of  the  epiph\-te,  arranged  in  a  rosette,  incline  together 
below   to   form    a    funnel,  as  in   Asplenium    Nidus   (Fig.    139) — the   plant 


I'IG.  163.  Graininntophyllum  speciosum  ^l.)rchidace.ie'i.     A  nest-epiphyte  with  negatively  geotropic 
roots,  in  the  botanic  garden  at  Biiitenzorg.     From  a  photograph  by  G.  Karsten. 

gured  had  attained  very  large  dimensions — and  many  other  ferns,  and 
1  the  common  Anthurium  Hiigelii  of  the  West  Indies,  an  aroid  greatly 
jscmbling  ferns  in  habit.  Even  in  these  cases,  particularly  in  Anthurium 
liigelii  and  in  the  orchids,  there  is  usually  a  differentiation  in  the  root- 
^stcm,  as  some  of  the  roots  which  are  not  geotropic  and  are  very  strongly 
instructed  essentially  contribute  to  form  a  framework,  or  act  as  anchoring- 
)ots,  whilst  numerous  thin,  lateral  roots  grow  vertically  upwards,  so  that 
le  lining  of  the  root-nest  appears  to  be  bristling  with  countless  needles 
M'g.  163).  In  contrast  with  nearly  all  other  forms  of  roots,  these  thin  roots 
re  negatively  geotropic,  and  this  is  oecologically  connected  with  the  fact  that 
itritive  material,  especially  water,  comes  from  above  and  not  from  below. 

y  2 
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In  other  cases,  either  all  the  leaves  or  some  of  them  go  to  form  /ockcts, 
as  they  assume  such  a  position  against  the  stem  as  to  make  with  it  a 
receptacle  in  which  humus  can  accumulate.  Either  each  leaf  by  itself 
forms  a  pocket,  or  several  leaves  take  part  in  the  formation  of  a  general 
pocket.  In  many  species,  there  has  arisen  a  differentiation  between 
pocket-leaves,  which  fulfil   the  function  of  assimilation   only  to  a  subor- 


PlG.  164.   Platyccrliim  grande.     Nest-epiphyte  with  pocket-leaves.     I'-iioerutaii,  East  Java. 
From  a  photograph  by  J.  Kobus. 

dinate  extent  and  for  a  short  time,  and  assimilating  leaves  endowed  wit! 
quite  other  characters. 

The  most  remarkable  examples  of  pocket-leaves  appear  in  the  fern-genu: 
Platycerium  (Fig.  164),  in  which  they  are  sessile  and  broad,  are  closelj 
applied  below  to  the  bark  of  the  tree,  and  form  a  pocket  above,  wherea; 
the  stalked,  narrow,  dichotomous  foliage-leaves  hang  looselv  down. 
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Fig.  16^.  Nidulariuni  Innocentii.     A  tank-epiphyte  from  Brazil.     Half  the  natural  size. 

Tank-cpiphytcs.  The  epiphj'tic  Bromeliaccae,  which  belong  particularly 
to  the  genera  Tillandsia,  Vriesca,  Aechmea.  and  Nidularium,  possess,  in 
the  majority  of  cases,  rosette-like  vegetative  shoots,  whose  stiff  leaves  are 
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widened  out  below  like  spoons,  and  fit  so  closely  together  that,  like  water- 
tight tanks,  they  collect  rain-water,  of  which  a  full  liter  may  descend  from 
one  of  the  larger  forms  on  to  a  careless  collector  :  besides  this,  like  the  less 
tight  leaf-funnels  of  the  nest-epiphytes,  they  contain  all  kinds  of  detritus 
of  mineral,  vegetable,  and  animal  origin,  and  this,  as  the  vigorous  growth 
of  the  plant  shows,  affords  a  fertile  nutritive  substratum.  The  rosettes  of 
leaves  spring  from  a  short,  gnarled  system  of  axes  fixed  to  the  substratum 
by  short  thin  roots,  which  are,  however,  as  strong  as  wire  (Fig.  165). 

The  roots  consist  almost  exclusively  of  thick-walled  fibres  and  take  no 
part  in  the  nutrition,  as  has  been  proved  experimentally.  The  absorption 
of  nutriment  takes  place  entirely  through  the  leaves,  by  means  of  peltate 


Li 


Fig.  166.  Vriesea.    Scale-hair. 
Magnified  340. 


Fig.  167.  Tillandsia  usneoides.     Scale-hair. 
Magnified  375. 


scale-hairs  (Fig.  166),  which  are  situated  in  particular  on  the  dilated  basii 
of  the  leaf  that  is  usually  under  water.  If  there  should  be  no  water  oii 
the  surface  of  the  leaf,  these  hairs  contain  air  alone  ;  every  drop  of  watei| 
however,  is  at  once  absorbed  by  them,  just  as  by  the  velamen  of  orchids 
and  it  reaches  the  interior  of  the  leaf  owing  to  the  activity  of  passage-cell 
that  are  rich  in  protoplasm  (F"ig.  167). 

From    this  type,  which  is   exhibited    in  a    pure   form   in   particular  h 
species  of  Vriesea,  Aechmea,  and  Nidularium,  not  inconsiderable  deviation! 
occur  in  many  species  of  Tillandsia,  especially  Tillandsia  usneoides  (Fig;; 
168,    169).      This    most    remarkable    of  all    epiph}-tes,    often    completelj 
covering  the  trees  in  tropical  and  subtropical  America,  consists  of  shoo* 
often  far  more  than  a  meter  in  length,  thin  as  thread  and  with  narrow  gras: 
like  leaves,  and  only  in  early  youth  fixed  to  the  surface  of  the  supportin 
plant  by  weak  roots  that  soon    dry  up.      The   plants   of  Tillandsia  ov. 
their  attachment  to  the  fact  that  the  basal  parts  of  their  axes  twine  roun 
the  twigs  of  the  host.     The  shoots  are  covered  all  over  with  scale-hair 
which  in  structure  and   behaviour  resemble  those  of  other  Bromeliacea 
The    dispersal  of   the   plant  takes   place  less  by  seed  than  by  vegetati^ 
means,    through    the  transport  of  severed  shoots    by    the   agency   of  tl| 
\\ind  or  of  birds,  which  readily  utilize   the  fragments  in  the  constructic 
of  nests. 
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Wiesner'  made  a  number  of  determinations  of  tlie  amount  of 
ligiit  in  the  orcliid  quarter  of  the  botanic  garden  at  Buitenzorg. 
The  orchids  arc  cultivated  there  on  stems  of  species  of  Plumiera,  in 
the  shade  of  lofty  trees  of  Evia  acida,  Bl. 

The  brightness  in  the  orchid  quarter  was  on  tlie  average  i/io-8  of 
the  full  daylight,  and  the  diffuse  front  light  on  the  stems  of  the 
Plumiera  trees  was  on  the  average  1/60-1/65  of  the  total  daylight 
(I  maximum  =  o-o25-0'023).    When   the  sun   shone,  the  intensity 


Fig.  169.  Tillandsia  usiieoides.     Fragment  of  a  shoot.     Natural  size. 

of  the  light  from  above  rose  to  i/4v-i/7-7  of  full  daylight  (I  maxi- 
mum =  0-3I9-O-I94). 

The  following  orchids  were  growing  well :  Agrostophyllum  javani- 
cum,  Bl.,  Eria  ornata,  Lindl.,  Spathoglottis  plicata,  Bl.,  Thelasis 
carinata,  BL  Others,  on  the  contrarj',  appeared  to  feel  the  want 
of  sufficiently  intense  light ;  for  instance,  Thelasis  elongata,  Bl., 
Dendrobium  acuminatissimum,  Lindl.,  Coelogj^ne  Rochusseni,  De 

Vriese.    C.    Lowii,    Pont.,    C.    macrophylla, 

Toi;o„,    ...t  r>-  T      J     »  •     1         TT      1      .^  Fig.  168.  Tillandsia 

leijsm.  et  Bum.,  \  anda  tricolor,  Hook.,  On-      ,„„eoides.  Sprig.  One- 

cidiuni  ampliatum,  Lindl.  lifth  natuinl  size. 

'  See  p.  55. 
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These  orchids,  owing  to  the  mode  of  spreading  their  organs,  are  principally 
adapted  to  light  from  above.  The  same  holds  good  for  manj'  epiphytic  ferns. 
The  widespread  and  very  common  Asplenium  Nidus  occurs  under  very  various 
degrees  of  illumination.  Wiesner  observed  for  it;  L  =  1/4  up  to  1/3S  (I  maxi- 
mum =  0-4-0-042). 

Epiphytes  whose  vegetative  organs  lie  flat  against  the  bark  are  adapted  to  light 
from  the  front.  Hence  in  the  Buitenzorg  garden,  the  otherwise  common  Taenio- 
phyllum  ZoUingeri,  Reichb.  f.,  a  small  leafless  orchid  with  assimilating  roots  pressed 
close  to  the  bark,  does  not  grow  in  the  orchid  quarter,  because  the  light  from  the  front 
is  too  weak.  Wiesner  has  communicated  the  following,  as  a  result  of  numerous  ob- 
servations made  by  himself,  regarding  the  degree  of  light  demanded  by  this  plant :— 

LIGHT-REQUIREMENTS    OF   T.AENIOPHYLLUM    ZOLLINGER!, 
REICHB.   F.    (after  Wiesner). 

L.  J  nHi.viiintiii.  I  mean. 

Limits  of  development \l1~\ly2.  o-533-o-o5o  o-i66-o-oi5  [ 

Most  vigorous  development \It-\I<^  0'228-o-i77  0-07 1-0-055  j 

Arrest  resulting  from  insufficient  intensity  of  light .         1/32              0-050  0-015 

Arrest  resulting  from  too  intense  light   .         .         .      1/2-1/3  o-8ii-o-533  c-25i-o-i66| 

Flowers  were  observed  with 1/5-1/S  0-320-0-205  0-101-0-063 

Besides  the  epiphytes  belonging  to  the  Phaneroganiae  and  the  Pterido- 
phyta  which  alone  have  been  dealt  with  so  far,  the  tropical  virgin  forest 
also  possesses  others  among  Algae,  Fungi,  Lichenes.  and  Br}-oph}'ta,  anc 
many  of  these  plants,  in  particular  some  Hepaticae,  also  show  a  high  degree 
of  adaptation  to  the  substratum.  Whilst  the  occurrence  of  such  lowei 
cryptogams  on  the  bark  of  trees  is  also  exhibited  in  temperate  forests,  anc 
actually  to  a  far  greater  extent  than  in  tropical  forests,  their  appearance  a; 
epipJiylloiis  forms,  that  is  epiphytic  on  leaves  (Fig.  170),  is  apparentl) 
confined  to  the  tropics.  Epiphyllous  forms  are  quite  common  features 
particularly  on  ageing  leaves,  in  very  humid  rain-forests. 

The  epiphytic  plants  on  a  tree  in  a  virgin  forest  are  not  the  same  fron 
its  base  to  its  topmost  branches,  but  exhibit  a  well-marked  differentiation 
Low  down  on  the  trunk  are  many  plants  that  are  also  terrestrial,  such  a| 
species  of  Hymenophyllaceae,  Carludovica,  climbing  Araceae  ;  ascendin;! 
higher,  these  indifferent  forms  disappear,  and  the  xcrophilous  characteii 
otherwise  foreign  to  the  rain-forest,  increases  with  the  increasing  adaptatioi 
to  an  epiphytic  habit  (Fig.  171),  so  that  the  epiphytic  species  met  witH 
which  occasionally  also  occur  on  the  ground,  appear  to  be  plants  of  verj 
dry  stations,  and,  to  some  extent,  of  stations  with  strong  illumination.  Th! 
epiphytes  on  the  highest  branches  and  consequently  those  that  are  mo& 
insolated  are  identical  with  those  that  form  the  aerial  flora  of  well-lighte 
woodland  and  of  the  savannah  of  dr)'  open  districts.  Hence  after  the  partij 
clearance  of  the  forest,  the  epiphytes  on  the  lower  portions  of  the  trees  tha 
are  left  standing  die,  whilst  those  on  the  crowns  gradually  spread  dowrl 
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wards  and  cover  the  wliole 
tree. 

Different  species  of  trees 
frcquciitl)'  sliow  distinctions 
in  tlieir  epi[)h\'tic  flora. 
Tlius  tree-ferns  and  the 
calabash-tree  (Crescentia 
Cujete),  which  is  so  common 
in  tropical  America,  are  most 
markedly  preferred ;  even 
certain  epiphytic  species, 
<ucli  as  Trichomanes  sinu- 
osuni  in  tropical  America, 
.'ccur  apparently  on  tree- 
terns  only. 

V.    BUDS  IX  THE  RAIN- 
FOREST. 

The  vcgcta/ivc  buds  of 
wood}'  plants  in  the  rain- 
lorcst  do  not  exhibit  any 
marked  difference  in  relation 
to  a  condition  of  activity 
or  of  repose.  The  type  of 
winter-bud  with  its  large 
dry  covering  of  scales  and 
L.  nsiderable  differentiation, 
is  foreign  to  the  constantly 
humid  rain-forest,  whereas 
it  reappears  in  dry  forest 
and  savannah. 

Dormant  buds  are  as  a 
rule  very  small  in  the  rain- 
forest, frequently  without 
any  covering  of  scales  and 
without  protection  by  other 
plant-parts;  they  are  then, 
however,  frequently  coated 
with  a  dense  brown  tomen- 
tum  or  with  a  kind  of  varnish. 
Their  change  into  active 
buds,  as  far  as  one  can  see, 
consists  simply  in  this,  that 
their  parts  begin  to  grow. 


Fig.  i;o.  Kibessia  azurea.     Leaf  studded  with  numerous 
epiphyllous  lichens.     Natural  size.     After  Stahl. 
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In  other  cases  both  active  and  dormant  buds  have  envelopes.  The 
envelope  is  almost  always  soft  and  juicy,  and  is  formed  either  of  stipules  or 
of  the  petioles  of  the  nearest  older  leaves. 

I  have  observed  small  hairy,  but  otherwise  uncovered  buds,  in  the 
botanic  garden  at  Buitenzorg,  on  the  following  woody  plants  :  Calophyllun:!' 
tomentosum,  Viburnum  sundaicum,  Rottlera  tinctoria,  Chrysophyllum 
Cainito,  Sideroxylon  firmum,  Ardisia  fuliginosa,  Diospyros  subtruncata, 
Mabe  Ebenus,  Pterospermum  Heyneanum.  species  of  Sterculia,  Schima 
Noronhae,  Thea  cochinchinensis,  Flacourtia  Ramontchi,  Capparis  Hey- 
neana,  Nothopegia    Colebrookiana,   BI.,  Cinnamomum    scriceum,  Ryparia 


t 
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Fig.  171.  Tillandsia  stricta,  var.  Schlumbergeii.     A  markedly  xerophilous  light-demanding 
epiphyte  of  .South  Brazil.     Half  the  natural  size. 


caesia,  Cluytia  oblongifolia,  Coelodepas  bantamensis,  Tetranthera  chrysi 
antha,  Tectona  Hamiltoniana  (Fig.  172,  2).  Many  of  these  plants  in  thd 
mature  condition  have  glabrous  leaves.  Uncovered  buds  with  a  coating! 
of  varnish  are  much  less  common.  I  found  them  in  the  Buitenzorg  garden! 
in  Tabernaemontana  pentasticta  and  Achras  Sapota.  I  also  noticed  proi 
tection  by  stipules  in  Artocarpaceae,  Urticaceae,  Piperaceae,  and  Rubiaceae! 
also  in  Wormia  ochreata  (Fig.  172,  4),  species  of  Tabernaemontana,  ancj 
Phyllanthus  zeylanicus.  Treub  and  Potter  have  described  several  simila' 
cases  ;  the  latter  has  also  furnished  figures.  According  to  Potter,  remova 
of  the  protective  slender  trumpet-shaped  stipules,  in  Artocarpus  incisaj 
occasions  the  arrest  of  the  enclosed  leaves.     In  Canarium  zeylanicum,  Bl. 
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the  scale-like  stipules  develop  more  quickly  than  the  blade  and  enclose 
the  bud.  In  several  species  of  Wormia  the  bud  is  enclosed  by  wing-like 
outgrowths  of  the  petiole  (Figs.  173,  5,  and  174). 

Vcrj'  peculiar  are  the  chambers  occurring,  in  some  woody  plants, 
between  the  petioles  of  next  older  leaves,  which  in  such  cases  always  stand 
in  whorls  of  two  or  more.  The  chambers  are  formed  by  the  adhesion 
of  the  lower  edges   of  the  petioles  and  above  are  provided  with  a  slit, 


Fig.  172.  Foliage  buds  of  tropical  woody  plants  from  the  botanic  garden  at  Buitenzorg. 
I.  Alstonia  verticillosa.  2.  Tectona  Hamiltoniana.  3.  Garcinia  ferrea.  4.  Wormia  ochreata. 
5.  Wormia  triquetra.     Natural  size.     Drawn  by  R.  Anheisser. 

out  of  which  in  time  the  completely  concealed  terminal  shoot  protrudes. 
P.  Groom  has  described  and  figured  such  structures  (Fig.  173).  I  have 
observed  in  the  Buitenzorg  garden  a  similar  method  of  bud-protection 
in  Calpicarpum  Roxburghii,  Alstonia  verticillosa  (Fig.  172,  i),  Garcinia 
Livingstonii,  and  G.  ferrea  (Fig.  172,  3).  The  phenomenon  is  most  striking 
in  Alstonia,  in  which  the  chamber  is  formed  by  the  bases  of  the  petioles  of 
the  four  leaves  of  the  whorl  and  its  opening  is  occluded  by  a  spherical  drop 
of  resin.  The  stipular  and  petiolar  chambers  contain  resinous  or  mucilaginous 
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substance,  or  a  mixture  of   both,  which  is   excreted    by  colleters,   and   is 
reo-arded   as  protective   in  function.     Groom  has  published  further  details 

in  regard  to  this  matter. 

More  remarkable  even  than  the  structure 
of  foliage-buds  is,  in  many  cases,  their 
manner  of  opening.  Treub  has  very  justly 
remarked :  '  Trees  shoot  out  their  leaves.' 
One  of  the  most  astonishing  phenomena  of 
tropical  vegetation  is  that  in  many  trees 
the  young  leaves,  as  in  Theobroma  Cacao 
and  Mangifera  indica  (Fig.  177),  or  quite 
young  shoots,  as  in  Brownea  hybrida 
(Fig.  175),  Amherstia  nobilis  (Fig.  176) 
and  other  Caesalpiniaceae,  after  having 
C"  N       ]  .Jl  \iLJ  attained  i/icir  full  size,  hang  down  limply 

\   '       \   n  [    I  like  tassels  and  are  usually  also  devoid  of 

cldoropltyll,  so  that,  by  their  white  or  rosy 
red  colour,  they  contrast  with  the  green 
foliage.  The  vertical  position  in  the 
pendent  shoots  is  solely  due  to  the  want  of 
turgescence  ;  in  pendent  leaves  it  is  caused 
by  the  active  curvature  of  the  pulvinus 
as  well. 

The  pendent  leaves  are  completely  dif- 
ferentiated only  after  having  concluded 
their  superficial  growth.  Then  it  is  that 
chlorophyll  appears  in  their  hitherto  colourless  and  small  chromatophores 
whilst  the  originally  homogeneous  mesophyll  differentiates  into  palisade- 


'^ 


Fig.  173.  I.  Tabernaemontana  dicho 
toma  ;  lerminal  bud.  2.  Cluaia  grandi- 
flora   ?   :  voiinf' shoot.    After  P.  Groom 


Fig.  174.  Wormia  Burbidgei.     Leaf  with  bud  concealed  in  the  sheath.     After  P.  Groom. 

tissue  and  spongy  parenchyma,  and  thickens  its  delicate  walls.  Thesei 
processes  are  accompanied  by  a  gradual  assumption  of  a  condition  ol' 
turgescence  and  of  tension  in  the  tissues. 

All  authors  who  have  described  the  above  phenomenon  have,  possibl}' 
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with  justice,  included  it  among  the  protective  devices.     Opinions  however 
'ilTcr   as  to   tlic    nature   of  the   danger  to   be  guarded    against.     Wiesncr 


V[G.  175.  Lrowiie.i  hyLriiU-i  with  pLni.li.iU  )uunij  twigs.     Botanic  garden  at  Buitenzorg. 
From  a  photograph  by  M.  Treub. 


jconsiders  the  danger  to  be  too  strong  ilhimination  ;   Potter,  too  great  heat; 
jStahh   mechanical    damage    by    hcav\'    rain ;    Haberlandt,   several    factors 
icting  simultaneously.     Decisive  experiments  have  not  yet  been  made. 
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Stahl,  who  has  closely  studied  pendent  leaves  and  pendent  shoots, 
mentions  the  occurrence  of  pendent  leaves  in  Monstera  deliciosa,  Mangi- 
fera  indica,  Theobrorna  Cacao,  Durio  zibethinus,  Ouercus  glaberrima,  Acer 
laurifolium,  in  fact  in  trees  of  very  diverse  affinities.  On  the  other  hand, 
to  both  Stahl  and  m\-self  pendent  twigs  are  known  in  connexion  with  the 
Caesalpiniaceae  alone — in  Amherstia  nobilis,  species  of  Brownea,  Jonesia, 
Maniltoa,  Humboldtia,  Cynometra. 


Fig.  176.  Amherstia  nobilis.     Twig  with  pendent  young  lateral  twigs.     Botanic  g.arden 
at  Buitenzorg.     From  a  photograph  by  Treiib. 

Pendent  leaves  and  pendent  twigs  b}'  no  means  occur  in  the  majority  0 
woody  plants  of  the  virgin  forest,  but  only  in  a  minority  of  species,  to  whicl 
however  a  number  of  economic  and  ornamental  trees  belong,  so  that  th'l 
phenomenon  is  generally  striking.  j 

In    many  cases    the    mode    of  development-  of   shoots    does    not    diffel 
essentially  from  that  of  woody  plants  of  temperate  zones.     But  the  proj 
tection  of  young  members  is  possibly  more  frequently  observable  than  i 
temperate  zones,  whether  it  consists  of  a  rich  coating  of  hairs,  a  vertical  li 
of  the  leaves,  or  of  their  production  under  cover  of  the  older  foliage.    Man 
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statements  regarding  this  subject  occur  in  the  works  of  Potter,  Stahl,  and 
W'icsncr  ah-cady  referred  to. 
The  admirable  researches  of  Raciborsl<i  regarding  W^^ structure  of  Jlo'Mcr- 
:,Is  were  conducted  partly  on  tropical  plants.  Characteristic  distinctions 
depending  on  climate  between  the  flower-buds  of  tropical  plants  and  plants 
of  other  zones  were  mentioned  bj'  him  in  a  few  cases  only.  Yet  the  peculiar 
phenomenon,  that  floxvcr-buds  arc  immersed  in  -water,  or  contain  water  in 
their  calyx  until  sliortly  before  their  antliesis,  appears  to  be  limited  to  humid 
tropical  districts.  For  instance,  in  the  West  Indies  I  found  the  boat- 
shaped  bracts  in  the  inflorescence  of 
Heliconia  Rihai  (Fig.  178)  and  Heliconia 
caribaea  always  full  of  rain-water  ;  the 
flower-buds  were  below  water-level,  but 

shortly    before    opening    they    raised  ^  ,  ^'*N^ 

themselves  above  it  by  curving  sharply.         a^^'^      ■Aiil  '^^'^-^ 

In  like  manner,  in  Nidularium  (Fig. 
i6f,)  I  saw  the  short  inflorescence 
nestling  between  the  bracts  always 
submerged  in  a  cistern  supplied  with 
rain  and  dew,  out  of  which  the  open 
flowers  protruded  singly.  The  boat- 
like bracts  of  the  long  distichous  in- 
florescence of  species  of  Vriesea.  for 
instance  Vriesea  incurvata,  contain  a 
mucilaginous  liquid,  which  completely 
surrounds  the  bud  and  is  probably 
secreted  by  the  plant.  The  latter  is 
certainly  true  of  the  similar  mucila- 
ginous liquid,  whicli  accumulates  in  the 
sac-like  fused  pairs  of  bracts  surround- 

.,        fl  ,       1         r  ._    ■        A  I'lG-  1/7-  ManLrifer.i  indica.     End  of  twig. 

Ulg    the    flower-buds    of    certam    Acan-      ^he    young   le.ives    flaccidly   pendent.     Half 

thaceae  (Fig.  1 79),  which  are  so  tensely     'lie  natural  size.    After  Stahl. 
filled  that  a  puncture  causes  the  liquid 

to  spurt  out  violcntl}^  Flower-buds  with  a  water-holding  calyx  were  first 
described  by  Treub  in  connexion  with  Spathodea  campanulata,  and  have 
formed  the  subject  of  a  comprehensive  and  conclusive  monograph  by 
Koorders  which  has  brought  to  light  a  number  of  interesting  details, 
especially  as  regards  secreting  hydathodes.  The  number  of  species  with 
'.vater-holding  calyces  is  small — so  far  as  is  known  only  thirteen  species, 
limited  to  representatives  of  the  families  of  Bignoniaceae,  Solanaceae, 
Verbenaccae  (Fig.  180),  Scrophulariaceae,  and  Zingiberaceae — whereas 
water-holding  bracts  are  very  common. 
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vi.    CAULIFLORY  IN  THE  RAIN-FOREST. 

In  temperate  zones  flowers  appear  mostly  on  the  current  year's  twigs, 
more  rarely  on  those  of  the  preceding  year,  but  only  in  a  few  species,  such 
as  Cercis  siliquastrum,  on  older  branches  or  stems  ;  whereas  in  constantly 
humid  tropical  forests  caiiliflory,  that  is  to  say  the  formation  of  flowers 


Fig.  17S.   Heliconia  Bihai.     Boal-liko  bracts  containing  water. 
Half  the  natuval  size.     From  Flora  Brasiliensis. 


Fig.  179.  Mendozia  Vel- 
loziana.  Flower-buds  surround- 
ed by  a  pair  of  adherent  bracts 
filled  with  mucilaginous  liquid. 
Blumenau,  .South  Brazil. 


Fig.  I  So.  Clerodcndron  Mina- 
hassae.  Water-holding  caly.M 
of  a  fruit.  Natural  size.  Aftei 
Koorders. 


on  old  wood,  is  not  rare.  It  is  occasioned  by  the  fact  that  dormant 
axillary  buds  become  further  developed  after  Several  or  many  years,  and: 
breaking  through  the  cortex,  freely  expand  their  flowers  (Figs.  iSi 
and   182). 

In  cauliflory  the  flowers  appear  sometimes  only  on  main  stems,  some 
times  only  on  branches,  sometimes,  and  this  is  most  usual,  on  both  maiir 


Fig.  iSi.  rarmeiiliera  cereifera,  a  cauliflorous  tree  in  fruit.     Cultivated  in  Ceylo 
From  a  photograph. 
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tern  and  branches  alike.     One  and  the  same  species  is  either  always  or 
■Illy  partially  cauliflorous. 

Ill  Java  I  observed  cauliflory — 

rfi  On  llic  main  stem  exclnsh'cly  in  Aristolochia  barbata,  Jacq.,  Saurauja  cauli- 
'  ra  ',  Parmenticra  cereifera,  species  of  Kadsura,  Cynonietra  cauliflora,  DiospjTos 
:iicta,  and  other  trees. 


Fig.  1S2.  Kadsura  cauliflora.     Javanese  liane  in  fruit.     Xalural  >ize.     Drawn  by  R.  .^nheisser. 

(A)  On  the  branches  only  in  Jonesia  minor,  Epicharis  sen:ea,  Flacourtia  inermis, 
Ivodia  Batjan,  Actinodaphne  sp.,  Kibara  coriacea,  Saurauja  nudiflora. 

It  is  of  course  by  no  means  impossible  that  species  in  the  first  list  also  occasionally 
reduce  flowers  on  old  branches,  and  vice  versa.  I  consider  the  habit  in  question  as 
onstant  only  in  the  case  of  the  two  species  of  Saurauja,  of  which  I  observed 
umerous  specimens. 

(c)   On   both   stem   and  branches   in   Theobroma   Cacao,  Crescentia   Cujete,   Arto- 

•  Whenever  no  author's  name  is  mentioned,  the  names  are  those  on  the  labels  in  the 
otanic  garden  at  Buitenzorg. 

SCHI.MPER  2 
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carpus  integrifolia,  Covellia  lepicarpa,  Sterculia  rubiginosa,  Oreocnida  major. 
Diospyros  sp.,  Averrhoa  Bilimbi,  and  others.  The  cauliflory  is  very  pecuUar  in 
Stelechocarpus  Burakol,  a  small  tree  belonging  to  the  Anonaceae,  for  in  it  the  female 
flowers  spring  in  tufts  out  of  thick  warts  on  the  stem,  whilst  the  smaller  male  flowers 
shoot  out  of  the  axils  of  leaves  that  have  just  fallen  from  the  twigs.  In  Taxotrophis 
javanica,  on  the  other  hand.  I  found  the  male  flowers  definitely  on  the  stem,  but  the 
female  flowers  in  the  axils  of  leaves  on  j^oung  twigs. 

Cauliflory  either  excludes  the  formation  of  flowers  on  young  twigs,  as  in 
cases  enumerated  above,  or  the  flowers  may  appear  on  young  twigs  as  wel 
as  on  the  old  cortex.  Frequently  cauliflor}-  appears  to  be  an  occasiona 
feature  only. 

Among  plants  that  are  not  exclusive!}',  but  are  only  occasional!}'  cauliflorous,  are 
for  instance,  Saurauja  pendula,  Ficus  cuspidata,  Capura  alata,  IVTedinilla  laurifolia 
Drimyspermum  longifolium,  Oreocnida  major,  Sterculia  rubiginosa,  Browne; 
coccinea. 

All  possible  transitions  connect  typical  cauliflory  with  the  production  o 
flowers  on  j'oung  twigs.  Thus  a  number  of  species  are  cauliflorous  onl; 
on  relatively  young  branches ;  for  instance  FJacourtia  inermis,  Evodi.i 
Batjan.  In  other  cases  the  flowers  appear  on  the  defoliated  base  o 
a  foliage  shoot,  the  upper  part  of  which  bears  leaves  ;  for  instance  specie 
of  Lasianthus,  Goniothalamus  Tapis,  Gonocar}aim  myrospermimi.  I 
a  number  of  herbaceous  plants  the  flowers  appear  only  in  the  axils  c 
fallen  leaves,  as  in  Campelia  marginata,  Agalmyla  staminea,  Cyrtandr 
nemorosa.  According  to  Johow,  the  flowers  of  several  Sapotaceae  occu 
only  on  two-year-old  defohated  portions  of  the  twigs. 

The  separation  in  space  of  the  vegetative  and  reproductive  functions- 
for  this  is  the  subject  under  discussion — is  exhibited  more  strikingly  tha 
in  true  cauliflory,  zuherevcr  certain  leafless  or  very  weakly  foliagcd  twig 
springing  from  the  main  stem  or  from  the  thickest  branches  alone  are  fertil 
whilst  the  crown  remains  purely  vegetative.  Such  twigs,  for  instanc 
encircle,  like  lianes,  the  lofty  stem  of  Couroupita  guianensis,  and  be 
spherical  fruits  as  large  as  one's  head. 

In  Ficus  sp.  '  Minahassae  '  (Fig.  183),  thin  whip-like,  scale-leaved  twis 
spring  from  the  main  stem  and  the  thickest  branches,  on  which  little  fi|| 
are  grouped  in  small  capitula.  In  Ficus  rhizocarpa  such  twigs  spring  01 
close  to  the  ground  only  ^.  In  Anona  rhizantha,  which  lias  been  investigatci 
by  Eichler,  the  fertile  twigs  are  subterranean  at  their  base  and  only  the 
flowering  tips  project  above  the  ground. 

The  question  has  often  been  raised  why  canliflory  is  so  much  common 

in   the  tropics  than  in  temperate  zones,  and   the  distribution  has  usualj 

been  associated  with  the  conditions  of  pollination.     To  me  it  seems  mo 

probable  that   it  is  owing  to  the  weaker   development   or  less   degree 

'  I  noticed  both  species  at  Buitenzorg.  r 
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toughness  of  tlie  bark.  This  opinion  is  supported  by  the  fact  that  in  ch)' 
districts,  where  the  bark  is  considerably  developed  and  is  rich  in  fibres, 
cauliflory  is  very  rare. 

vii.    SAPROPHYTES  AND  PARASITES  IN  THE  RAIN-FOREST. 
If  Alfred  Moller's  observations  in  South  Brazil  be  generally  applicable, 
saproph\-tic   fungi   appear  to   be   even  more   abundantly  developed  in  the 


Fig.  1  S3.  Ficiis  sp.  'Minahassae.'     Cauliflorous.     Botanic  garden  at  Buitenzorg.     From 
a  photograph  by  Treub. 

umus  of  the  tropical  rain-forest  than  in  the  forests  of  Central  Europe. 
Never,'  says  MoUer,  '  docs  the  action  of  the  fungus  kingdom,  which  stands 
itermediate  between  the  animal  and  vegetable  kingdoms,  strike  us  so 
jrcibly  as  here  in  the  tropical  forest,  where  the  persistent  humidity  and 
eat  constantly  bring  out  the  growth  of  fungi  to  a  degree  that  is  attained 
ith  us  [in  Central  Europe]  only  exceptionally,  after  warm  rain>'  da\-s '.' 

'   Ml.  MoUer.  I,  p.  3. 
Z  2 
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Nevertheless,  as  was  stated  before  \  saprophytic  fungal  vegetation  in 
tropical  forests  is  much  less  striking  than  it  is  in  the  cool  forests  of  higher 
latitudes,  for  in  the  tropics  it  is  chiefly  composed  of  small  and  even 
microscopic  forms,  and  includes  but  few  large  Hj-menomycetes.  Alfred 
jMoller,  in  his  mj^cological  contributions  from  South  Brazil  -,  has,  however, 
proved  that  very  striking  and  large  forms  of  fungi  are  not  wanting  among 
tropical  humus- plants. 

Phanerogamic  saprophytes  are  in  the  number  of  species  much  more 
numerous  between  the  tropics  than  beyond  them,  and  are  largely  inhabi- 
tants of  the  dampest  and  shadiest  rain-forest.  Yet  even  there  they  do 
not  strike  the  eye,  but  this  is  partly  due  to  the  fact  tliat  the  commonest 
species  are  for  the  most  part  very  small  and  delicate,  so  that  even  when 
very  numerous  the}'  do  not  make  much  show.  The  few  larger  forms — 
those  about  the  size  of  our  Neottia  or  of  Monotropa  are  to  be  reckoned 
amongst  them — as  far  as  my  observations  go,  occur  only  singl_\-,  whilst 
many  of  the  small  forms  grow  socially  and  occur  sporadicall}-  in  abundance  i 
for  instance  the  orchidaceous  Wullschlagelia  aphylla  and  the  burmanni- 
aceous  Apteria  setacea,  in  Dominica  ;  the  gontianaceous  Voyria  trinitatis' 
in  Trinidad  ;  Lecanorchis  javanica  and  Burmannia  (Gonyanthes)  Candida 
neither  of  which  is  quite  devoid  of  chloroph\-ll.  in  Java.  These,  howeverl 
are  isolated  productions.  I  have  often  roamed  for  hours  through  tropica] 
rain-forests  in  America  and  Java  without  seeing  a  single  phanerogami 
saprophyte  ^. 

The  saproph)'tes  of  the  tropical  rain-forest  occur  both  on  firm,  mainlv 
mineral,  soil  which  is  however  permeated  with  humus-solutions,  as  wel 
as  on  loose,  slightly  decomposed  mould  and  on  still  coherent  thougl 
rotting  stems  and  branches.  Thus,  in  Dominica,  we  found  Burmanni; 
capitata  on  decomposing  stems  and  branches,  and  the  sole  habitat  o 
which  I  found  Epipogon  nutans  in  Java  was  the  rotten  trunk  of  a  tre( 
which  in  Germany  might  have  led  me  to  expect  Buxbaumia  indusiat 
but  not  a  saprophytic  orchid.  I  found  however  on  this  trunk,  crowde 
together  as  in  a  nest,  twenty  specimens  of  this  remarkable  Epipogon  in  a 
stages  of  development. 

In  respect  to  their  occurrence  as  revealed  by  the  naked  eye,  holoparasite 
show  relations  not  ver}-  different  from  those  presented  by  saprophytes,  bi 
large  forms  are  more  frequent  among  them.  Eor  instance,  I  observe 
far  more  numerous  large  parasitic  Pol}-poreae  on  trees  than  large  sapn 
phytic  fungi.  Among  phanerogamic  parasites,  as  among  saprophyte 
social  species  are  common.  This  is,  for  instance,  true  to  a  large  extei 
of  the  Javanese  Balanophora  elongata,  but  I  know  this  plant  onlj'  in  tl' 


^1 


'  See  p.  226.  -   Alt'.  Mollcr,  II-V. 

^  Even  the  sharp  eyes  of  Pa-ldang,  the  excellent  guide  to  the  Javanese  forest,  could 
in  such  cases  discover  '  white  orchids.' 
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high  mountainous  regions  above  the  tropica!  climate.  We  saw  in  the  daik 
rain-forest  of  the  interior  of  Trinidad  the  brownish-red  inflorescences  of 
Hclosis  guyanensis,  like  densely  crowded  raspberries,  springing  from  the 
otherwise  bare  soil. 

The  most  wonderful  of  all  parasites  are,  as  is  well  known,  the  Mala}'an 
species  of  Rafflesia,  foremost  among  which  is  Rafflesia  Arnoldi  in  Sumatra, 
with  solitary  flowers  measuring  one  meter  in  diameter.  Personally,  I  have 
seen  in  its  native  home  only  the  somewhat  smaller  R.  Patma,  and  that  on 
Noesa  Kambangan,  a  small  island  of  South  Java,  where  it  grows  socially, 
if  not  in  an  actual  virgin  forest,  at  any  rate  in  one  that  has  been  abandoned 
to  itself  for  many  years.  I  wrote  the  following  note  on  the  spot  regarding 
its  habitat  and  occurrence:  'After  traversing  the  narrow  belt  of  littoral 
il^rest,  one  reaches  a  thin  forest  of  medium  height,  which  uninterruptcdl}- 
clothes  the  stony  southern  slopes.  The  soil  is  almost  entirely  covered 
by  a  herbaceous  aroid  about  a  meter  high.  On  the  trees  are  hanging 
the  very  long  cords  of  a  Cissus,  the  bases  of  which,  as  with  most  lianes, 
creep  along  the  ground  over  long  stretches.  These  prostrate  parts  of  the 
lianc.  often  several  meters  long,  are,  as  Junghuhn  has  already  correctly 
stated,  the  parts  that  bear  the  parasite.  They  bear  the  buds  in  rows,  and 
in  stages  of  development  up  to  the  size  of  one's  head,  alternating  with 
j  rotten  black  remains  of  flowers  and  empty  basin-like  outgrowths,  that 
'  served  as  the  matrix  of  flowers  now  vanished.  The  sole  perfect  flower, 
that  apparently  has  only  just  opened,  possesses  a  bright  tobacco-brown 
colour  and  emits  a  foetid  odour.  Insects,  however,  are  not  visible,  either 
within  or  on  the  flower'  (February,  1890). 

Not  within  the  rain-forest,  but  in  more  open  and  brighter  situations, 
I  met  with  the  most  striking  examples  of  tropical  parasitic  growth. 
Specially  remarkable  was  a  tract  of  country  in  the  West  Indian  island 
of  Grenada,  which  was  quite  overrun  by  Cuscuta  americana  ;  most  of  the 
trees  were  complete!}-  covered  by  a  bright  yellow  veil,  that  hung  down 
around  them  to  the  ground  and  covered  the  shrubs  and  herbs  as  far  as 
the  nearest  trees.  At  many  places,  for  instance  in  Java  and  especially 
in  the  neighbouring  thousand  islands,  species  of  Cassytha  appeared  in  great 
abundance  as  a  reddish-yellowish  green  felt-like  coating  over  woody  and 
herbaceous  plants. 

Cuscuta  contains  a  little  chlorophyll,  Cassytha  considerably  more.  This 
sequence  leads  to  the  foliaged  hemiparasites,  which  are  represented  in  the 
tropics  by  the  Loranthaceae  alone,  although  by  numerous  species  of  several 
genera.  Mingled  with  epiph}-tes,  from  which  they  are  distinguishable  only 
by  their  root-system,  they  contribute  to  the  luxuriance  of  the  vegetation 
covering  the  branches  of  the  trees,  while  many  of  them  develop  a  magnificent 
show  of  blossom. 
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CHAPTER     V 

TROPICAL    DISTRICTS   WITH    PRONOUNCED 
DRY    SEASONS 

I.  General  Characteristics  of  the  Vegetation  in  Periodically  Dry  Tropical 
Districts.  Fornialions.  Xerophilous  trees.  Xerophilous  shrubs.  Lianes.  Epiphytes. 
2.  Woodland  Formations  in  Periodically  Dry  Tropical  Districts.  i.  General 
:Uniayks.  Transformation  in  woodland  vegetation  by  gradual  transition  from  constantly 
humid  to  periodically  dry  districts.  Chief  types  of  woodland  :  monsoon-forest,  savannah- 
forest,  thorn-forest,  ii.  'I'ropflphilous  and  Xerophilous  Woodland  in  India.  Forest 
vegetation  in  Pegu  according  to  Kurz.  Forests  of  Tectona  grandis  in  East  Java, 
iii.  Woodland  in  Tropical  East  Africa.  Engler's  description  of  the  formations,  iv. 
Tropcplnlous  and  Xerophilous  Woodland  in  T?-opical  America.  Savannah-forest  in 
\'enezuela.  Thorn-bushland  (caatinga)  of  Brazil.  Thorn-bushland  on  the  limestone 
hills  in  Minas  Geraes.  3.  Tropical  Grassland  Fcrmations.  i.  General  Character  of 
>r.annah.  ii.  Savannah  in  Africa.  Savannah  on  the  Loango  coast  according  to 
i  tchuel-Losche.  The  baobab.  East  African  savannah  according  to  H.  JNIeyer  and 
I'ligler.  iii.  Sax'annah  in  America.  The  llanos.  The  campos  of  Brazil  according  to 
\\'arming. 

I.   GENERAL  CHARACTERISTICS  OF  THE  VEGETATION  IN 
PERIODICALLY  DRY  TROPICAL  DISTRICTS. 

Trotical  districts  with  either  one  or  two  pronounced  dry  seasons, 
several  months  long,  particularly  occupy  the  interior  of  continents,  and 
include  nnuch  greater  areas  than  do  those  with  a  constantly  humid  climate. 
Their  v^egetation  never  attains  the  luxuriance  of  the  rain-forest,  and  above 
all  bears  the  impress  of  a  less  favourable  environment.  The  dry  periods 
bring  the  vegetation  of  the  tropics  oecologically  nearer  to  that  of  the  zones 
that  are  cold  in  winter,  because  physiological  dryness  of  soil  is  caused  b}' 
a  scarcity  of  atmospheric  precipitations,  as  well  as  by  cold. 

Whilst  the  constantly  humid  districts  are  uniformly  clad  with  evergreen 
rain-forest,  the  periodically  dry  districts  present  a  much  more  varied 
appearance  as  regards  vegetation,  inasmuch  as  slight  differences  in  the 
climate  cause  a  rapid  change  in  the  t}pe  of  formation,  and  edaphic 
influences  are  much  more  effective  than  where  the  soil  is  always  moist. 

Districts  with  very  abundant  rainfall  during  the  wet  season,  if  they  have 
pronounced  dry  seasons  accompanied  by  great  heat,  are  clad  with  luxuriant 
forests  the  trees  of  which  lose  their   hygrophilous  foliage  during  the  dry 
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season  and  renew  it  at  or  immediately  before  the  commencement  of"  the 
monsoon-rains  ;  apart  from  this  they  have  only  xerophilous  organs  well 
protected  against  drought.  Such  tropophilous  forests,  whose  alternating 
hygrophilous  and  xerophilous  character  is  regulated  by  the  monsoon,  have 
been  termed  vioiisooii-forcsts'^.  Regions  with  less  abundant  rainfall  are, 
according  to  the  character  of  their  climate,  occupied  by  xerophilous  wood- 
land (savannah- forest, 
thorn-forest,  thorn- 
bushland)  or  bj-  grass- 
land, usually  of  the 
savannah  type.  Still 
greaterdrought  induces 
the  desert  character. 
Tropical  desert  will 
be  discussed  in  con- 
nexion with  temperate 
desert ". 

The    oecologicai 
physiognomy  of  vege- 
tation   in    periodically 
dr)'   districts    is    quite 
different  from  that  in 
constantly  humid  ones 
especially   if   we    con 
trast  with  humid  dis- 
tricts    those    districts 
which,  above  all,  have 
a   scanty   rainfall   anc 
show  .xerophilous  vege 
tation  at  all  seasons  o 
the    year.      Here    thi 
danger  of  desiccation 
especially  threatening 
to  tall  plants,  has  lee 
to     the    evolution    o 
YnghXy  xe7-op/iiloiis  treei 


Fig.  1S4.  Bombax  malab.iricum  in  the  dry  season  bearing  Iriiil. 
Ceylon,     from  a  photograpli. 


treei 
forming  an  extremely  peculiar  tree-type  which,  in  particular,  shows  it' 
characteristic  features  in  savannah  and  thorn-forest. 

Investigations  are  greatly  needed  in  regard  to  the  structure  and  con' 
ditions  of  existence  of  tropical  xerophilous  trees,  which  find  no  analogue; 
m  Central  Europe  and  first  appear,  in  a  feebly  defined  form,  in  thi 
Mediterranean  region. 

'  See  p.  260.  -^  See  p.  616. 
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Pccluicl-Losclic  gives  the  following  vivid  picture  of  the  West  African 
■savannah  : — 

'  Manj'  of  these  characteristic  plants  are  developed  only  as  gnarled  and 
deformed  shrubs  or  dwarf-trccs,  but  many  also  as  lofty  trees,  some  species 
even  ranking  among  the  giants  of  the  vegetable  kingdom.  They  all, 
however,  have  this  in  common,  that  thc)-  thrive  only  in  the  open  country, 
in  the  sunnj-,  well-aired,  and  dry  grassland  :  it  is  true,  that  in  places  they 
ma)-  combine  to  form  light  groves  and  resemble  the  thin  oakwoods  of  our 
pasture-lands,  but  they  never  appear  in  the  form  of  forests.  On  the 
contrary,  they  perish  beyond  recall  in  the  cover  of  a  well-grown  forest,  and 
therefore  inhabit  neither  fringing-forest  nor  rain-forest.  Yet  they  occur, 
not  infrequently,  on  the  borders  of  the  savannah,  where  grassland  begins.' 

The  majority  of  the  trees  of  xerophilous  woodland  and  savannah  are  of 
low  stature,  with  a  relatively  thick  stem,  which  is  usually  invested  with  an 
extremely  fissured  thick  bark ;  the  crown  is  frequently  arranged  in  tiers 
(Fig.  1^14),  more  often  however  it  is  umbrella-shaped,  and  may  even  be 
flattened  almost  like  a  disk  (Fig.  185).  Umbrella-trees  figure  iii  all  descrip- 
tions of  ilic  savannah  and  of  the  open  forcstforviaiions  of  the  tropics. 
I  have  seen  them  determining  the  physiognomy  of  the  vegetation  in  the 
savannah  of  \^enezuela,  and  also  occurring  in  the  alpine  savannah  of  Java, 
which  will  be  subsequently  described.  Warming  portraj-s  them,  although 
in  less  regular  form,  in  connexion  with  the  campos  of  Brazil.  Hans 
Meyer  says  of  the  East  African  savannah :  '  Whether  a  tree  have  a  single 
stem,  or  like  a  shrub  ramifies  from  close  to  the  ground,  in  either  case  it 
strives  first  to  grow  as  high  as  possible  and  then  to  expand  horizontally, 
like  a  mushroom  or  an  umbrella.  It  is  always  flat  above  as  if  it  were 
clipped.  Thousands  and  thousands  of  these  usually  greyish-brown 
umbrella-trees,  scattered  over  the  grass,  through  which  the  red  soil  gleams 
and  which  is  brown  during  the  greater  part  of  the  year,  impart  a  peculiar 
physiognomy  to  the  landscaped'  Brandis  mentions  as  characteristic  of 
the  open,  dry  bush-formations  of  Southern  India,  Acacia  planifrons 
(Fig.  126),  called  umbrella-thorn  because  its  crown,  consisting  of  a  mass  of 
twisted  knotty  branches,  thorns,  and  finely  pinnate  leaves,  spreads  out  at  the 
top  of  the  stem  like  an  umbrella.  That  the  umbrella-form  is  an  adapta- 
tion to  the  climate  appears  from  the  fact  that  it  occurs  under  similar 
external  conditions  in  representatives  of  very  different  families,  for  instance 
the  Mimosaceae,  Caesalpiniaceae  (Cassia),  Burseraceae,  Myrtaceae.  As 
a  protective  device  against  excessive  transpiration,  such  as  might  be 
expected  in  an  open  xerophilous  formation,  this  spreading  out  of  the  foliage 
appears  to  be  highly  unsuitable.  As  a  protection  against  the  mechanical 
and  desiccating  action  of  the  wind,  it  is,  on  the  contrary,  proper  to  the  end 
in  view,  as  it  offers  a  narrow  edge  to  the  force  of  the  wind.     It  is  evident 

'  Engler,  op.  cit.,  p.  5S. 
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that  such  protection  is  required  in  the  open  savannah  country  as  well  as  on 
hifh  mountains.  The  same  is  true  of  the  trees  with  their  branches  in  tiers, 
such  as  Terminalia  Catappa,  Bombax  malabaricum,  which  I  have  seen 
likewise  onl}-  in  open  situations  and  in  well-lighted  bush.  Much  is  to  be 
said  for  the  view,  which  Reiche  has  already  put  forward,  that  the  umbrella- 


FlG.  185.  Acacia  of  umbrella-form.     From  the  East  African  savannah.     .-Vfter  Engler. 

forms    have    arisen    as   a    means    of    protection    against    the    wind,   butjli; 
experim.ents  alone  can  decide  the  question. 

Xerophilous  trees  of  the  tropics  are  mostly  bare  during  dry  weather 
their  foliage,  although  present  only  during  the  rainy  season,  is  usually  firn:! 
and    provided    with    elaborate    protective    devices    against    transpirationj 
Pinnate  leaves  are  specially  frequent,  and  by  their  mobility,  which  permit-j 
them  to  assume  the  best  position  for  the  time  being,  they  are  thoroughl>| 


Chai'.  V]     TROPICAL  DISTRICTS  WITH  DRY  SEASONS       349 

in  liarmony  with  the  climatic  conditions.  Evergreen  trees,  on  the  otiicr 
hand,  usual!)-  have  simi^lc,  often  verj'  hairj-,  leaves,  which  in  many  cases 
contain  so  much  silica  that  they  assume  a  consistency  resembling  sheet- 
metal,  and,  in  the  wind,  rattle  with  a  metallic  .sound,  as  in  the  proteaceous 
Rhopala  complicata,  a  characteristic  tree  of  the  llanos.  The  foliage-buds 
are  provided  with  a  coating  of  protective  scales  as  thick  as,  or  even  thicker 
than,  that  of  trees  of  the  temperate  zones  (Fig.  186).     Only  the  flowers 


Fig.  1S6.     Xerophilous  foliage-buds.      From  llie  Brazilian  campos.      Left  hand  :  Myrcia  longipes. 
Centre :  Eugenia  Jaboticaba.     Kiglit  hand  :  FJugenia  dysenterica.     After  Warming. 

apparcnth'  dispense  with  a  corresponding  protection,  and  even  frequently 
possess  large  delicate  corollas,  although  they  often  open  at  the  height  of 
the  dry  season,  and  therefore  demand  large  quantities  of  water  for  trans- 
piration. 

The  volume  of  the  wood  in  comparison  with  that  of  the  foliage  is  greater 
than  in  hygrophilous  trees,  and  the  cortex 
is  frequently  covered  by  a  massive  scaly 
bark  (Fig.  187). 

Besides  the  protective  devices  against 
(drought  that  have  been  mentioned,  and 
which  occur  and  are  similarly  differen- 
tiated in  xerophj'tes  of  higher  latitudes, 
there  are  among  the  tropical  wood}'  plants 
cases  of  special  and  very  peculiar  adapta- 
tion. Thus  many  tropical  trees  owe  the 
faculty  not  only  of  growing  in  very  dry 
regions,  but  also  of  attaining  large  and 
even  gigantic  dimensions,  to  the  fact  that       ^^°-  '^7.    Sweetia  dasycarpa.    From 

the  Brazilian  campos.     Transverse  section 
they  store   up   large  supplies  of  icater  for    through  the  stem.     After  Wanning. 

the  dry  season.      Amongst  these  trees  is 

the  mighty  baobab  (Adansonia  digitata)  of  the  African  savannah,  which 
will  be  dealt  with  subsequently  ;  in  addition  the  wonderful  bottle-trees 
iCavanillesia  arborea  (W'illd.),  K.  Schum.,  and  other  Bombaceae)  of  the  open 
thorn-bush  of  Central  Brazil,  the  trunks  of  which,  swollen  like  a  cask  up  to 
a  thickness  of  five  meters  (Fig.  193),  serve  as  water-reservoirs  ;  also,  in  the 
same  forests,  Spondias  tuberosa  ( Anacardiaceae),  the  tuberous  swellings 
of  whose  roots  become  filled  with  water.     Finalh-,  in  contrast  with  rain- 
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forest  and  monsoon-forest,  xerophiloiis  woodland,  especially  in  the  thorn- 
forest,  contains  arborescent  succulents,  particularly  species  of  Cereus  in 
tropical  America  (Fig.  128),  and  of  Euphorbia  (Fig.   198)  in  Africa. 

The  sltnibs  of  the  savaitiia/i  are  not  less  xerophilous  than  the  trees. 
Their  hypogeous  parts  are  very  strongly  developed  as  compared  with 
their  epigeous  parts,  and  often  form  such  a  massive  system  of  thick 
lignlfied  axes  that,  following  Lund  and  Liais,  we  may  describe  some  of 
them,  such  as  those  of  Andira  laurifolia  and  Anacardium  huniile  of  the 
campos,  as  hypogeous  trees.  In  Andira,  for  instance  (Fig.  18H),  the 
system  of  rhizomes,  consisting  of  branches  as  thick  as  one's  arm,  frequently 


Fig.  188.  Andira  laurifolia.     From  the  Brazilian  campos.     After  Warming. 

covers  an  area  ten  meters  in  diameter,  whereas  the  epigeous  foliage-shoots 
are  thin  and  never  more  than  a  meter  in  height.  Such  hypogeous 
axes  appear  to  serve  as  water-reservoirs,  as  also  do  the  tuberous  woody 
rhizomes  that  occur  on  numerous  small  shrubs  and  bushes  in  the  campos 
(Figs.  203,  204). 

Thin  woody  lianes  occur  in  xerophilous  woodland,  in  particular  in 
thorn-forest,  but  disappear  in  the  savannah  ;  -  but  in  tlie  savannah,  for 
instance  in  the  Brazilian  campos,  there  are  found  erect  shrubs  belonging 
to  families  and  genera  that  with  these  exceptions  include  only  climbing 
forms.  Schenck  considers  it  probable  that  man\-  of  these  shrubs  have 
been  derived  from  lianes  and  are  to  be  considered  as  cases  of  reversion  to 
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an  erect  mode  of  growth '.  Lianes  also  disappear  in  the  low  shrub- 
formations  of  Northern  Brazil.  In  savannah-forest  and  thorn-forest,  into 
which  savannah  and  shrublands  pass  when  the  humiditj'  increases,  they 
are  sometimes  found  in  small  numbers  and  poorh-  developed. 

Epiphytes  belonging  to  the  Phancrogamia  and  Pteridophyta  arc  very 
scantily  represented  on  the  trees  in  well-lighted  xerophilous  savannah- 
woodland,  or  are  entirely  absent.  They  become  more  abundant  as  soon  as 
the  trees  grow  closer  together,  and  many  a  savannah-forest  is  by  no  means 
poorly  decked  with  Bromeliaceae,  Orchidaceae,  Cactaceae,  and  ferns.  Even 
epiphytic  species  of  Ficus,  and  perhaps  of  Clusia,  occur  in  savannah,  where 
they  appear  to  be  confined  to  palms,  the  persistent  petiole-bases  of  which 
serve  as  receptacles  for  the  young  plants  (Fig.  2co).  In  all  the  epiphytes 
of  such  dry  formations  the  xerophilous  character  is  most  pronounced ; 
all  protective  measures  against  the  loss  of  water,  and  all  devices  for  the 
collection  and  retention  of  rain-water,  with  which  we  are  already  ac- 
quainted, are  specially  well  developed  in  them.  Yet,  with  the  exception 
of  the  figs,  they  are  only  small  forms. 

Eminentl}'  characteristic  as  is  this  epiphytic  flora  of  the  xerophilous 
tropical  district,  and  perfectly  as  it  is  adapted  to  the  climatic  conditions 
prevailing  in  the  district,  yet  it  is  composed  exclusively  of  species  from  the 
rain-forest.  The  highest  branches  of  the  virgin-forest  trees,  those  in  fact 
that  receive  sunlight  almost  without  hindrance,  are  the  homes  of  the 
savannah  epiphytes.  It  is  from  the  virgin  forest  that  they  have  colonized 
the  dry  tracts  of  country  -. 

I.  WOODLAND  FORMATIONS  IN  PERIODICALLY  DRY 
TROPICAL  DISTRICTS. 

i.    GENERAL  REMARKS. 

The  change  in  the  vegetation  on  passing  from  a  constantly  humid  tropical 
istrict  into  one  with  abundant  rainfall  but  periodically  dry,  appears  only 
light  during  the  wet  season,  but  is  manifested  in  the  dry  season,  particularly 
by  the  great  number  of  defoliated  trees. 

Trees  that  are  at  times  bare  of  foliage  are  very  scantily  represented  in 
the  rain-forest  and  are  usually  not  noticed  at  all,  the  less  so  that  their 
defoliation  and  foliation  have  frequently  no  connexion  with  the  seasons  of 
the  year.  If  however  one  proceeds  during  the  dry  season,  for  instance, 
from  the  constantly  humid  West  Java  to  East  Java,  where  there  is  very 
little  rain  during  the  east  monsoon,  the  foliage  becomes  very  thin,  as  it  has 
been  completely  shed  by  many  trees  and  partially  so  by  others.  In 
addition  to  this,  slight  influences  exerted  by  the  soil  suffice  to  call  into 
being    the    teak-forest,   which    is    almost    completely    leafless    in    the    dry 

'  Schenck,  I,  p.  60.  *  See  p.  199. 
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season.  The  appearance  is  quite  different  from  that  presented  during  the 
so-called  dry  season  in  West  Java,  where  the  difference  in  the  vegetation 
during  the  west  and  east  monsoons  respectively  is  indeed  visible,  but  much 
less  marked  in  the  lowlands,  for  example  at  Buitenzorg,  and  hardly  visible 
at  all  in  the  mountains.  [ 

To  the  north  of  the  Cordilleras  on  the  coast  of  Venezuela,  as  well  as  i 
among  them  in  the  moist  valley  of  Caripe  during  the  dry  season  (February) 
I  found  myself  surrounded  by  dense  evergreen  rain-forest,  whereas  south 
of  the  Cordilleras  on  the  side  of  the  llanos  the  open  savannah-forest, 
composed  almost  exclusively  of  leafless  trees,  would  have  presented  a  wintry 
aspect  had  not  many  trees  and  epiphytes  been  in  full  flower. 

The  periodically  deciduous  tropical  forests  and  the  low  xerophilous 
woodlands  of  the  tropics  have  hitherto  been  much  less  investigated  than  has  ' 
the  rain-forest.  It  is  however  certain  that  they  display  much  variety. 
Like  rain-forest  they  form  chiefly  mixed  wood,  in  which  hardly  a  single 
species  of  tree  can  be  described  as  dominant ;  occasionally  however  one 
species  gets  the  upper  hand  and  may  even  form  nearly  pure  woods,  as  for 
instance  Tectona  grandis  in  East  Java.  As  regards  the  height  and  mode 
of  growth  of  the  trees,  as  well  as  of  the  underwood  and  herbaceous 
vegetation  covering  the  soil,  there  are  numerous  modifications,  which,  from 
the  point  of  view  of  the  Indian  forester,  have  been  utilized  to  constitute 
numerous  t}'pes  and  subtypes.  But,  without  straining  a  point,  they  can  all 
be  deduced  from  the  chief  types  that  w'e  have  established,  vionsoon-forcst, 
savaniiali-forcst,  and  tJiorii-forcst,  or  from  intermediate  forms  of  these'. 

ii.    TROPOPHILOUS  AND  XEROPHILOUS   WOODLAND  IN  INDIA. 

Kurz   has   given    a  detailed    description    of  the    periodically  deciduous 
forests  in  Pegu,  where  however  thej-  owe  their  varied  characteristics  not  ^ 
only  to  the  climate,  but  also  in  a  high  degree  to  the  soil.     Coming  nearest ! 
in  ph)-siognomy  to  the  evergreen  rain-forests,  are  those  deciduous  woods! 
termed    by    Kurz   'mixed    forests,'   which    according   to    our    terminology 
belong  to  the  monsoon-forests  and  form  in  Burma  the  true   home  of  thei 
valuable  teak-tree  (Fig.  190).     Here  the  trees  average  in  height  70-80  feet, 
but  in  many  parts  of  the  country  are  even   120  feet  high  ('upper  mixed j 
forests  ').     They  grow  straight  and  are  often  accompanied  by  lianes.     Their! 
epiphytes  are  practically  confined  to  the  tops  of  the  trees.     The  intervals; 
between  the  trees   are  frequently  filled  with  a  tall  bamboo  thicket;    but| 
shrubby  and  herbaceous  vegetation,  particularly  grass,  is  very  scanty  (Figs.; 
135  and  189). 

Other  forests  of  Pegu,  especially  those  that  Kurz  names  'open  forest,' 
perhaps  also  his  '  dry  forest,'  are  xerophilous  forests  of  low  or  middle 
height  (30-60  feet  high),  which  belong  to  our  type  of  savannah-forest.     Here 

'  See  p.  260. 
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Fig.  iSg.  In  the  monsoon-forest,  Burma.     Thonze  Reserve.  Tharaw.i(li.     a  Ceph.alostachyum 
pergracile ;  6  Sterculia  sp.     From  a  photograph  by  J.  W.  Oliver. 


To  fact  p.  r:,-i.1 


HAP.  V]     TROriCAI.  DISTRICTS  WITH  DRY  SEASONS       3.-,3 

he  forest  is  thin  ;  trunks  and  branches  arc  tiiick  and  gnarled,  covered  with 
1  rich  epiphytic  flora.  Lianes  and  shrubs  arc  poorly  represented,  whereas 
he  soil  is  covered  with  a  turf  composed  cither  of  grass  and  perennial 
lerbs,  or  of  grass  alone. 

Kurz  distinguishes  two  forms  of  his  'mixed  forest' — '  upper  mixed  forest"  and 'lower 
ni.Ked  forest.'  In  the  '  upper  '  the  trees  are  taller  than  in  the  '  lower,'  but  less  varied. 
Large  bamboos  play  an  important  part  in  the  'upper  mixed  forest'  (Fig.  189); 
eak  is  as  a  rule  present ;  Sterculia  villosa  and  S.  urens,  Milletia  Brandi- 
iana,  Grewia  elastica,  Duabanga  grandiflora,  Erythrina  stricta  and  E.  suberosa 
re  the  characteristic  trees,  but  many  other  species  are  represented.  Shrubs  are 
cantily  and  badly  developed,  but  we  have  Helictcres  plcbeja,  Thespesia  Lampas, 
irewia  hirsuta,  and  others.  Lianes  are  also  few  in  number,  represented  amongst 
thers  by  Combretum,  Calycopteris,  Abrus  precatorius.  Accordingly  the  interior 
f  the  forests  is  verj'  easy  of  access.  A  grassy  covering  to  the  ground  is  quite 
xceptional,  and  then  consists  of  the  so-called  teak-grass,  a  species  of  Pollinia. 
"erns  are  scanty  on  the  ground,  and  only  those  species  are  present  that  withstand 
reat  drought.  Numerous  herbaceous  plants  spring  from  the  soil,  but  without 
overing  it.  Bryophyta  are  very  scarce  and  confined  to  moist  sandstone  rocks 
Hypnum,  Fissidens,  Marchantia).  Epiphj'tes  are  not  numerous,  and  occur  only 
n  the  tops  of  the  trees. 

The  '  loiver  mixed  forest'  averages  70  to  So  feet  in  height,  sometimes  attaining 
00  feet ;  it  is  richer  in  lianes  and  also  in  shrubs,  and  therefore  denser  than  the 
upper  mixed  forest."  Kurz  mentions  about  fifty  species  of  trees  as  the  leading 
onstituents  of  this  forest,  and  about  as  many  more  as  rather  of  local  occurrence. 
V'e  find  among  the  former  the  most  diverse  families  represented  : — Sterculiaceae, 
lalvaceae,  Bombaceae,  Dilleniaceae,  Sapindaceae  (Schleichera),  Anacardiaceae 
3dina,  Mangifera,  Spondias),  Combretaceae  (various  species  of  Terminalia,  Ano- 
eissus),  Lj'thraceae  (various  species  of  Lagerstroemia),  Samydaceae  (Homalium), 
)iospyraceae,  Bignoniaceae  (Spathodea,  Heterophragma,  Stereospermum,  Calo- 
anthes),  Euphorbiaceae  lAntidesma,  Emblieal,  Mimosaceae  (Albizzia),  Rubiaceae 
arious  species  of  Nauclea,  Gardenia,  Randia),  Artocarpaceae  (various  species  of 
icus),  Myrtaceae  (Barringtonia,  Careya),  Loganiaceae  (Strychnos  Nux-vomica). 
Among  the  shrubs  are  in  particular  Thespesia  Lampas  (Malvaceae),  Grewia 
irsuta  (Tiliaceaei,  Premna,  Clerodendron  (Verbenaceae),  Ceratogj'num,  Phyllan- 
lus,  Baliospermum  (Euphorbiaceae),  Desniodium,  Flemmingia  (Papilionaceae),  two 
aecies  of  Calamus. 

The  lianes  are  extremely  diversified.  Kurz  specially  mentions  more  than  fifty 
pecies,  among  them  numerous  Leguminosae  (Butea,  Spatholobus,  Entada,  Caes- 
Ipinia  of  various  species.  Acacia,  Dalbergia,  Phaseolus,  Pueraria,  Mucuna,  Dolichos, 
lezoneurum,  Abrus  precatorius),  Menispermaceae  (Stephania),  Rhamnaceae  (Zizi- 
hus,  Gouania,  Colubrina),  Celastraceae  (Celastnisl,  Sapindaceae  (Stephanial, 
itaceae  (Vitis,  many  species),  Rubiaceae  (Paederia),  Euphorbiaceae  (Rottlera, 
ridelia),  Verbenaceae  (Symphorema,  Congea),  Combretaceae  (Combretum  of  various 
pecies,  Calycopteris),  Cucurbitaceae  (Zehneria,  Luffa),  Convolvulaceae  (Argyreia 
f  various  species,  Ipomoea),  and  others  ;  of  Monocotyledones,  Smilax  and  Scin- 
apsus  ;  also  Gnetum  scandens  (Fig.  147)  and  Lygodium, 

SCHIMPER  ^      ^ 
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Among  the  herbs,  which  never  cover  the  ground,  the  Scitamineae  are  prominent. 
Besides,  there  are  numbers  of  grasses,  Araceae,  Compositae,  Malvaceae,  and 
so  forth. 

The  trees  bear  as  epiphytes,  mosses  (Neckera,  Metirium),  various  common 
orchids,  ferns  and  asclepiads,  besides  remarkablj'  numerous  and  diversified 
parasitic  Loranthaceae. 

The  savannah-forest  in  Pegu  appears  under  various  forms,  which  Kurz  describes 
as  '  eng-forest,'  or  '  laterite-forest,'  'low  forest'  and  'savannah-forest.'  'Eng'  is 
the  native  name  for  Dipterocarpus  tuberculatus,  which  is  characteristic  of  the  first 
form  of  forest. 

' Eng-forest ''  occurs  chiefly  on  laterite,  but  also,  although  in  a  less  developed; 
form,  on  various  diluvial  soils.  The  height  of  the  leaf-canopj'  on  pure  laterite  soil 
is  about  30  to  40  feet,  on  more  claj-ey  or  loamy  soil  about  70  to  80  feet.  Most 
of  the  trunks  have  fissured  thick  scaly  bark  and  remarkably  thick  knotty  and 
crooked  stems.  Dipterocarpus  tuberculatus  predominates  on  purely  laterite  soils;! 
on  other  kinds  of  soil  it  is  scanty,  or  absent.  More  than  forty  other  species  of' 
trees  besides  are  usually  abundant.  There  are  Dipterocarpaceae  (Shorea,  Pent- 
acme),  Meliaceae  (Walsura),  Dilleniaceae  (Dillenia),  Celastraceae  (Lophopetalum),' 
Rhamnaceae  (Zizyphus),  Anacardiaceae  (Buchanania,  Melanorrhoea),  Styracaceae 
(Sj'mplocosi,  Diospj'raceae  (Diospyrosi,  M3'rsinaceae  (Myrsine),  Euphorbiaceae! 
(Phj'llanthus.  Aporosa),  Papilionaceae  (Dalbergia,  Xj'lia),  Rubiaceae  (Wendlandia,j 
Nauclea,  Randia,  Gardenia),  Combretaceae  (Terminalia),  Myrtaceae  (Careya, 
Eugenia),  Lythraceae  (Lagerstroemia),  Loganiaceae  (Strychnos  Nux-vomica),  and 
man}'  others  intermingled  in  the  greatest  confusion.  Growing  between  the  trees 
there  are  bamboos  (B.  Tulda  and  B.  stricta),  an  acaulous  palm  (Phoenix  acaulis), 
low  very  sparse  shrubs,  among  which  the  author,  strangely  enough,  also  includesj 
large  herbaceous  plants,  even  annuals,  and  a  few  lianes  that  scarcely  climb.  Thej 
grass  on  the  ground  is  usuallj'  verj'  richly  developed  1  Andropogoneae,  Paniceae, 
Cj'peraceae),  and  is  intermingled  with  numerous  small  herbaceous  plants  (Malva- 
ceae, Acanthaceae,  Rubiaceae,  Campanulaceae,  Gentianaceae,  Scrophulariaceae,| 
Labiatae,  Papilionaceae.  Compositae,  Scitamineae,  Amarj'llidaceae,  Orchidaceae,j 
Commelinaceae,  Eriocaulaceae,  and  so  forth.  j 

A  crowd  of  epiphytic  orchids,  species  of  Hoya,  ferns  (Platycerium  for  instance),! 
grow  in  great  numbers  on  the  branches  of  the  trees.  I 

The  '  lozi<  forest'  resembles  the  eng-forest  in  its  growth,  and  is  to  be  considered] 
as  systematically  intermediate  between  the  eng-forest  and  the  '  lower  mixed  forest.'! 
Its  soil  is  richly  overgrown  with  Andropogoneae  or  with  Imperata  cj'lindrica.  | 

Kurz's  '  savannah- forest'  has  the  same  height  as  the  eng-forest.  It  grows  on! 
deep  alluvial  soil,  especiallj'  near  rivers.  The  trunks  of  the  trees  are  very  short,! 
often  hardljr  taller  than  the  so-called  elephant-grass  (species  of  Andropogon,  Coix,i 
Saccharum,  Phragmites)  that  covers  the  ground  ;  the  crowns  are  very  strongly 
developed  and  often  flattened  above.  The  species  of  trees  are  partly  identical  with 
those  in  the  'lower  mixed  forest.'     It  is  a  typical  savannah-forest. 

The  greatest  part  of  the  forest  in  East  Java  may  be  described  as 
a  transition  form  between  rain-forest  and  monsoon-forest,  but  edaphic 
influences  there,   as  generally   in    climatic   transitional    districts,  are   very 


Fig  190.  Monsoon-forest,  Bnrma.  Bwet  Reserve,  Tharawaili.  Tectona  grandis : 
a  mature  tree ;  6  young  tree,  c  dodui.  d  Acacia  Catechu.  £•  Bambusa  in  flower. 
From  a  photograph  by  J.  W.  Oliver. 
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effective,  and  occasion  a  richer  differentiation  in  the  kind  of  vegetation 
covering  tlic  soil  tlian  in  West  Java,  where  the  vegetation  appears  to  be 
practically  dependent  on  climate  onl}'.  Particularly  in  Plast  Java  there 
occurs  on  soil  that  easily  dries  up  or  that  is  comparatively  impervious, 
the  djati-forcst  formation,  a  typical  tropuphilous  deciduous  forest. 

The  djati-forcst  owes  its  name  to  the  economically  valuable  djati-tree, 
Tectonagrandis— the  teak-tree  (Fig.  190),  which  has  a  wide  distribution  over 
:ontinentaI  India,  yet  only  in  Java  forms  pure  forests  in  which  other  trees 
xcur  merely  as  subsidiary  species.  The  teak-tree  is  by  no  means  a  giant, 
ither  in  height  or  in  thickness  of  stem.  It  is  at  most  25  meters  high. 
Its  cordate  leaves,  reminding  one  of  those  of  Catalpa,  are  very  large,  and 
he  violet  flowers,  that  open  in  the  middle  of  the  rainy  season,  are  arranged 
n  pyramidal  panicles.  The  trunk  possesses  a  light  coloured  bark  and  is 
levoid  of  epiphytes:  on  the  other  hand,  figs  (species  of  Urostigma) 
equently  colonize  the  branches.  During  the  dry  season  (June  until 
October)  the  teak  is  quite  leafless  and  displays  its  new  leaves  in  November 
i'ith  the  advent  of  the  west  monsoon. 

Cordes  has  gi\en  a  detailed  description  of  the  oecology  and  the  flora  of 
he  natural  djati-forest  of  East  Java — artificial  teak-forest  occurs  in  West 
ava,  as  well  as  in  British  India. 
In  contrast  with  the  rain-forest  of  West  Java  the  appearance  of  the  djati- 
jrest  is  very  different  at  different  seasons  of  the  year.  In  August  and 
leptember,  at  the  height  of  the  dry  season,  the  picture  the  forest  presents 
;  almost  wintrj-.  The  vast  majority  of  the  trees,  among  them  especially 
le  teak-tree,  arc  quite  leafless,  and  the  ground  is  covered  by  a  rustling 
lyer  of  their  dr_\'  leaves,  which  do  not  decay  until  the  rainy  season.  The 
ees  accompanying  the  teak  are  more  recognizable  in  the  dry  season  than 
uring  the  rains.  Acacia  leucophloea  is  known  b\'  its  umbrella-shaped 
•own  ;  Albizzia  procera  by  its  bark  resembling  that  of  birch.  Some 
ees  remain  green,  among  them  the  commonest  companion  of  the  teak, 
utea  frondosa,  which  in  contrast  with  the  teak  adorns  itself  at  the  height 
the  dry  season  with  its  large  fiery  papilionaceous  flowers.  Evergreen 
so  are  the  sapindaceous  Schleichera  trijuga,  the  mimosaceous  Albizzia 
ipulata,  with  a  regular  umbrella-shaped  crown,  and  the  fig-trees  perched 
1  the  branches  of  other  trees. 

Between  the  tall  trees  numerous  smaller  ones  grow,  especially  Emblica 
ificinalis,  Gaertn.,  a  euphorbiad,  also  Dillenia  aurea,  and  other  plants. 
'alms  are  very  rare,  bamboos  occur  here  and  there.  Shrubb)-  vegetation 
richly  developed  and  varied.  The  Lcgiuninosae  are  specially  numerous, 
r  instance  Acacia  toinentosa,  Willd.,  species  of  Cassia,  Papilionaceae  ;  but 
ibiscus  Lampas  also  frequently  shows  its  large  yellow  flowers.  The 
ines  are  all  thin-stemmed  and  chiefly  Papilionaceae,  such  as  Abrus  pre- 
torius,  species  ofMucuna,  and  the  like.     The  herbs  vary  greatly  according 
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to  the  nature  of  the  soil.  If  it  be  moist  and  rich  in  humus,  thickets  of  tall 
Zingiberaceae  appear  (species  of  Curcuma,  Kaempferia,  Elettaria),  which 
open  their  beautiful  flowers  in  the  second  half  of  the  dry  season  (Sep- 
tember— October).  Specially  dry  soils  are  chiefly  overgrown  by  tall 
grasses,  such  as  the  alang-alang  (Imperata  arundinacea)  and  glagah  (Sac- 
charum  spontaneum,  Linn.).  Among  the  numerous,  mostly  inconspicuous, 
herbaceous  perennials  should  be  mentioned — Malvaceae  (Urena,  Sida) 
Compositae  (Conyza  lacera,  Burm.,  Wollastonia,  Adenostemma  viscosum) 
some  Araceae,  very  small  Acanthaceae,  Commelinaceae ;  finally,  various 
Amaryllidaceae  that  flower  in  the  dry  season  (Eurycles  amboinensis 
Pancratium  zeylanicum,  Crinum  asiaticum). 

Except  the  figs  already  referred  to,  epiphytes  are  very  scanty  in  tht 
djati-forest  and  are  limited  to  a  few  small  orchids,  Asclepiadaceae  anc 
Acschj-nanthus.  The  presence  of  epiphytic  ferns  is  a  sign  that  there  arf 
hollows  in  the  branches ;  and  mosses  occur  only  exceptionally  on  sounc 
trees.     On  the  other  hand  parasitic  Loranthaceae  are  very  common. 

Most  of  the  herbs  mentioned  are  greatl}-  reduced  in  size  during  the  drj 
season,  or,  if  annuals,  are  entirely  absent.  In  July  and  August  the  Ama 
ryllidaceae  flower,  with  the  Butea  ;  later  on,  in  September  and  October 
many  other  plants  join  in,  such  as  the  already  mentioned  Zingiberaceae 
but  in  particular  most  of  the  trees  except  the  teak.  Still  greater  is  th 
show  of  blossom  at  the  very  commencement  of  the  monsoon-rain,  ii 
November ;  then  it  is  that  most  of  the  shrubs  blossom,  whereas  the  herb 
the  development  of  whose  flowers  is  closely  dependent  on  metabolic  activit; 
usually  blossom  in  the  rainy  season.  On  the  whole,  the  show  of  blossor 
in  the  djati-forest,  in  accordance  with  the  greater  dryness  and  stronge 
light,  is  far  greater  than  in  the  rain-forest. 

November  is  the  time  when  the  leaf-canopy  is  renewed.  The  tea 
clothes  itself  with  leaves,  at  first  red,  that  soon  form  dense  masses  c 
foliage.  April,  May,  and  June  are  the  months  that  are  poorest  i 
flower. 

iii.     WOODLAND  L\  TROPICAL   EAST  AFRICA. 

It  is  not  yet  possible  to  give  a  satisfactory  account  of  the  condition 
the  vegetation  in  tropical  East  Africa  south  of  the  equator.  There  ai 
very  few  meteorological  data,  which  moreover  embrace  a  short  period  onl; 
and  few  botanists  have  yet  travelled  through  the  region.  From  tl' 
accounts  given  by  collectors,  and  by  other  travellers  devoid  of  scientif 
training,  the  coast  country  up  to  the  Zambesi  river  presents  the  appea 
ance  of  a  richly  differentiated  vegetation  with  various  formations  of  wooi 
land,  grassland,  and  desert.  What  share  in  this  differentiation  is  due  ' 
climate  and  what  to  edaphic  influences,  how  far  its  character  is  origin 
and  how  far  modified  by  man,  cannot  be  decided  at  present. 
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Tlic.  woodland  of  tlic  coast  of  I-Iast  Africa  is  niaiul\-  xcrophilous.  and 
assumes  tlic  fonn  soiiictimcs  of  savannali-forcst.  at  other  times  of  thorn- 
forest  and  tliorn-bush.  naturally  with  several  transitional  forms.  The  less 
extensive  tracts  of  tall-stemmed  forest  (iMgs.  191  and  J 92)  may  possibly 
be  classified  as  monsoon-forest,  in  harmony  with  the  sharp  division  of  the 


KiG.  191.  Part  of  a  forest  in  the  coast  region  of  German  East  Africa.     From  a  photograph. 

'ear  into  rainy  and  dry  seasons,  but  accurate  accounts  are  wanting,  as  are 
.Iso  data  regarding  the  condition  of  the  foliage  at  different  seasons  of  the 
■ear. 

'No  type  of  formation.'  savs  Engler,  'is  so  richly  developed  in  Africa  as  that 
•f  the  •'■bush-woodland.'"  According  to  his  account,  this  formation  belongs  to 
Aat  I  have  designated  thorn-forest,  with  shrubs   frequently  predominating,  and 
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with  a  gradual  transition  to  desert  as  the  moisture  decreases.  To  the  African 
thorn-forest  in  particular  belongs  Engler's  '  dense  bush '  of  the  lower  bushland, 
and  his  '  steppe-bush  thicket '  of  the  inland. 

Engler  emphasizes  the  systematic  uniformity  of  the  '  bush-forest '  of  tropical 
Africa,  its  sj'stematic  resemblance  to  that  of  Cis-gangetic  India,  and  its  phj'sio- 
gnomic  resemblance  to  that  of  Central  and  South  America  (Mexico,  Argentina,  and 
Chili).  Systematically,  the  abundance  of  various  species  of  Acacia  is  characteristic 
of  this  forest,  and  the  genera  Dichrostachys  and  Albizzia,  which  also  have  bipinnate 
leaves,  are  represented  by  numerous  individuals.  Woodj'  plants  with  pinnate 
leaves  are  seldom  as  plentiful  (Bignoniaceae,  Odina  belonging  to  the  Anacardia- 
ceae,  Harrisonia  one  of  the  Simarubiaceae,  some  Rutaceae,  Burseraceae, 
Connaraceae,  Caesalpiniaceae).  Plants  with  digitate  leaves  are  common,  for 
example   Commiphora,  Rhus,  Jasminum,  Vitex.      Most  plants  of  the    thorn-forest  _^ 


Fig.  192.  Forest  tract  in  the  coast  region  of  German  East  Africa.     From  a  photograph. 

have  simple  leaves,  which  are  persistent  in  most  of  the  species  and  have  a  very 
thick  cuticle;  for  example,  species  of  Euphorbiaceae,  Celastraceae,  Rhamnaceae 
Rubiaceae,  Sterculiaceae,  Verbenaceae,  Compositae ;  and  inconspicuous  whitish 
flowers  are  common.  In  the  dense  woods  there  are  very  few  herbs,  but  these 
are  plentiful  in  the  clearings.  Twining  and  climbing  plants,  possibly  only 
thin-stemmed  forms,  are  rich  in  species ;  Peperomia  and  Angraecum  appear  a: 
epiphytes. 

The  second  type  of  the  xerophilous  low  forest,  the  savannah-forest,  is  apparently! 
far  less  developed  in  Africa  than  is  the  thorn-forest.  A  typical  savannah-forest 
in  the  sense  in  which  I  use  the  word,  is  Engler's  '  steppe-forest,'  which  occur 
in  particular  in  Unyamvvezi.  'Erect  trees,  7-12  meters  high  with  stems  3-4  centi' 
meters  thick,  form  the  prevailing  type;   Leguminosae  with  pinnate  leaves,'^ whicH 
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are  termed '  mj'ombo,' are  dominant  and  sometimes  pure  ;  thus  in  Unyamwezi  Berlinia 
Eniinii  occurs,  but  species  of  Acacia,  Sterculia,  Terminalia,  and  Kigclia  also  occur. 
There  is  little  underwood,  the  shrubs  and  small  trees  of  Anona,  Combretum,  and 
others  are  so  scattered  that  travelling  through  the  myombo-forests  is  in  no  way 
impeded.  Succulent  plants  are  rare,  only  here  and  there  is  an  Aloe  or  a  can- 
delabra-like Euphorbia ;  but  numerous  herbs  cover  the  ground  '.' 

iv.     TROPOPHILOUS  AND  XEROPHILOUS    WOODLAND  IN 
TROPICAL   AMERICA. 

The  high  forest  of  the  interior  of  South  America,  especially  of  Brazil 
south  of  the  Amazon,  is  in  part  tropophilous  and  should  be  classed  as 
monsoon-forest.  The  forests  of  Minas  Geraes  described  by  Warming 
slied  their  foliage  periodicalh',  but  without  ever  becoming  leafless,  as  the 
defoliation  of  most  of  the  trees  immediately  precedes  their  acquisition  of 
new  foliage. 

The  marked  xerophilous  types  of  savannah- forest  and  thorn- forest 
(including  thorn-bush)  are  richly  represented  throughout  the  whole  of 
tropical  America,  and  frequently  alternate  with  savannah.  Wherever  the 
humidity  increases  the  savannah  first  passes  over  into  savannah-forest. 
So  at  least  I  have  observed  in  Venezuela,  where  on  climbing  the  coast 
Cordilleras  from  the  south  the  hitherto  scattered  trees  closed  in  to  form 
an  almost  close  forest,  the  soil  retaining  its  grassy  growth.  The  low  forest, 
comparable  with  a  dense  orchard,  consisted  chiefly  of  Leguminosae  with 
umbrella-shaped  crowns,  especially  of  species  of  Cassia,  whose  completely 
defoliated  twigs  were  decked  with  yellow  flowers.  Scattered  among  the 
leafless  trees  appeared  two  evergreen,  very  thick-leaved  species  of  trees, 
Rhopala  complicata  (Proteaceae)  and  the  caju,  Anacardium  occidentale. 
All  the  branches,  especially  those  of  the  leafless  trees,  bore  small  hard- 
leaved  or  densely  hairy  species  of  Tillandsia,  among  which  T.  recurvata 
was  very  abundant,  and  also  a  few  markedly  xerophilous  orchids,  in  par- 
ticular a  beautiful  flowered  species  of  Jonopsis.  Amongst  the  trees  a 
columnar  species  of  Cereus,  equal  to  them  in  height,  was  frequently  noticed. 
The  soil  was  covered  with  rich  and  tall  but  completely  dried-up  grass. 

Savannah-forest  certainly  occurs  also  in  other  parts  of  tropical  America. 
Thus,  apparently  belonging  to  this  type,  there  are  '  capoes,'  forest-tracts 
replacing  the  vegetation  of  the  savannah  (campos)  on  moister  ground  in 
Central  Brazil  (see  Fig.  127). 

Thorii-woodlaiid,  as  forest,  bush,  or  shrub,  is  extensively  developed  \\\ 
tropical  America.  It  forms  an  essential  part  of  the  coast  vegetation  in 
East  Central  Mexico  (Fig.  12S).  Under  the  well-known  and  dreaded 
name  of '  caatinga,'  in  particular  it  covers  extensive  tracts  of  country  with 
a  small  rainfall  in   Brazil,  between  the  savannahs   icampos)  of  the   south 

'  Engler,  op.  cit.,  p.  62. 
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and  the  rain-forests  of  the  Amazon  and  its  tributaries.  It  alternates 
frequently  with  the  savannah,  and  in  this  case,  as  in  all  dry  districts, 
edaphic  influences  are  in  the  first  place  responsible  for  the  change  in  the 
character  of  the  vegetation,  since  savannah  prevails  on  a  stififer  soil  that  is 
superficially  wetted  by  the  rain,  whereas  woodland  occupies  a  sandy  soil 
that  is  very  permeable  to  water.  The  caatingas  exhibit  thorny  bushes, 
chiefly  formed  of  Mimoseac,  among  which  there  rise  more  or  less  numerous 
trees,  including  the  strange  '  barrigudos^  '  and  columnar  Cactaceae.  Thin 
lianes  climb  among  the  bushes  ;  epiphytes  are  absent  or  are  extremely 
scarce.  The  herbaceous  vegetation  is  limited  to  prickly  Bromeliaceae 
(Fig.  193). 

The  caatingas  of  Brazil  have  frequently  been  described,  especially  by 
Martius,  Saint-Hilaire,  Liais,  and  recently  by  Detmer.  Martius-  gives  the 
following  vivid  account  of  them  : — 

'  It  is  quite  difterent  (i.e.  compared  with  the  rain-forest)  with  the  forests  termed 
by  the  Brazilians  canliiigris,  or  liglit-foirsts,  which  lose  their  leaves  during  the 
dry  season  and  break  out  into  leaf  again  only  after  persistent  rain  has  set  in  with 
the  wet  season.  They  consist  of  trees  of  considerably  more  stunted  growth,  and, 
when  leafless,  remind  the  European  traveller  of  the  appearance  of  his  native  broad- 
leaved  forests  at  the  commencement  of  winter.  They  belong  chiefly  to  the  northern 
provinces  of  Ceara,  Rio  Grande  do  Norte,  Peniambuco,  Piauhy,  Goyaz,  and  Bahia, 
where  they  occupy  the  sandy,  primary  granite,  or  Jurassic  limestone  soils,  over 
immense  tracts.  Dry  districts,  poor  in  springs  and  whose  rivers  dry  up  in  summer, 
hills  or  plains,  are  the  native  country  of  these  remarkable  forests.  The  traveller 
journeys  across  them  onlj'  with  fear  and  trembling  during  the  dry  months.  Sur- 
rounding him,  as  far  as  he  can  see,  stand  the  bare  leafless  stems,  motionless, 
unfanned  by  the  slightest  breeze;  not  a  green  leaf,  not  a  juicy  fruit,  not  a  verdant 
blade  of  grass,  on  the  burning,  bare  soil ;  alone  appearing  to  retain  still  a  fleeting 
trace  of  life,  are  the  strangely  shapen  stems  of  Cereus,  which  here  like  huge 
candelabra,  and  there  crowded  together  in  serried  ranks,  stand  threatening  w-ith 
their  poisonous  spines.  ...  If,  however,  a  sudden  shower  of  rain  should  loosen  the 
bonds  of  the  vegetable  kingdom  .  .  .  then,  as  if  by  magic,  a  new  world  springs  into 
existence.  From  the  richly  branched  stems,  leaves  of  soft  green  colour  shoot  forth, 
countless  rarest  forms  of  flowers  expand,  the  bare  limbs  of  formidable  thorny 
hedges  and  of  climbing  plants  clothe  themselves  anew  with  fresh  foliage.  .  .  .' 

As  characteristic  plants  of  the  caatingas,  Martius  mentions  Spondias  tuberosa, 
Arr.,  Anona  obtusifolia,  DC,  Caesalpinia  pubescens,  C.  glandulosa,  Bert.,  Cap- 
paris  lineata,  Pers.,  C.  longifolia,  Gw.,  C.  laevigata.  Mart.,  Pourretia  tuberculata.  Mart, 
and  Chorisia  ventricosa,  Nees  et  Mart.,  Thryallis  brasiliensis,  several  small  species 
of  Bombax,  several  species  of  Acacia,  of  Mimosa,  and  of  Jatropha,  '  an  angular 
forked  Euphorbia,  the  single  species  of  this  African  form  that  occurs  in  Brazil.' 

The  account  by  Liais  does  not  add  any  essential  points  to  that  of  Martius.  Yet 
he  mentions  the  occurrence  of  many  forms  of  Cactus  and  a  great  number  of  prickly 
Bromeliaceae,  as  terrestrial  herbs. 

^  With  reference  to  these  barrel-trees,  see  p.  349.  "  Martius,  op.  cit.,  pp.  16,  17.      I 
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Fig.  193.  Tropical  thorn-woodland  :  caatinga-forest,  when  leafless.     The  palm  lo  the  left  is  Cocos 
coronata.     Province  of  Bahia,  Brazil.     After  Martins. 
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Detmer,  who  saw  the  caatingas  of  the  province  of  Bahia  in  September  (tlie  niunth 
of  passage  from  the  dry  to  the  rainy  season),  makes  the  following  remarks  : — 

'  The  dry  soil  consists  of  greyish-white  loose  sand.  On  it  are  growing  every- 
where thorny  shrubs,  for  the  most  part  quite  leafless,  and  forming  a  dense 
undergrowth,  which  is  impenetrable  in  places  and  here  and  there  is  slightly 
overtopped  by  isolated  trees.  Between  the  shrubs  often  grow  a  great  number  of 
"  mandacarus,"  trees  of  Cereus,  20  feet  high,  the  massive  stems  of  which,  woody  at 
the  base,  give  place  above  to  a  few  thick  4-5  angled  ramified  branches,  which  are 
studded  with  long  thorns.    The  soil  between  the  shrubs  is  covered  by  very  large 


Fig.  19^.  Thorn-bush  on  calcareous  soil  inMinas  Geraes.     Uvaria  macrocarpa,  Cereus  coerulescens. 

After  Warming. 

"  gravattas "  —  terrestrial  Bromeliaceae,  with  half-parched,  sharp-edged  leaves, 
grouped  in  rosettes,  above  which  their  dried  inflorescences  project ;  in  addition 
there  are  only  a  few  other  plants,  some  of  which  bear  greyish-green,  extremely 
hairy  leaves.     Short  palms  with  palmate  or  pinnate  leaves  are  also  plentiful.' 

Thoni-bush  similar  to  that  of  the  caatingas  also  appears  in  South  Brazil 
at  Minas  Geraes  (Fig.  194).  According  to  Liais  and  Warming,  it  is  there 
confined  to  rocky  limestone  hills,  and  differs  from  the  neighbouring  forests 
by  the  much  more  complete  defoliation,  by  the  greater  abundance  of  shrubs 
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between  the  trees,  which  are  further  apart,  also  by  its.  more  marked 
xerophiloiis  cliaracter,  aiul  consequently  by  the  greater  abundance  of 
thorny  and  succulent  plants. 

Thorn-woodland  is  also  richly  developed  in  the  Antilles.  It  is  very 
extensive,  for  instance,  on  the  east  coast  of  Jamaica,  where  it  consists  in 
particular  of  Mimosaceae  and  species  of  Cereus,  and,  as  in  Minas  Geracs, 
it  appears  to  be  confined  to  calcareous  soil.     Several  of  the  smallest  islands 


''■  °S^ 


--^^^1^ 


Fig.  195.  Lanilscipe  at  Lagoa  Santa  in  Minas  Geraes.     On  the  ridges,  savannah  (campos) ;   in  the 

valleys,  forest.     After  Warming. 

are  almost  completely  covered  by  it,  for  example  the  Danish  islands  that 
have  been  described  by  Eggers. 

3.    TROPICAL   GRASSLAND   FORMATIONS. 

i.    GENERAL  CHARACTER  OF  SAVANNAH. 

Whilst  in  regions  with  rain  at  all  seasons  of  the  year  grassland  plays 
quite  a  subordinate  part  and  owes  its  limited  appearance  to  local  influences, 
in  regions  with  marked  dry  seasons,  especially  in  Africa  and  in  South 
America,  it  covers  extensive  areas,  usually  in  the  form  of  savannah,  less 
frequently  in  that  of  steppe. 

The   appearance  of  a  tropical  savannah  remains  always  essentially  the 
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same,  at  least  in  plains  (Figs.  127  and  195).  Tali  grasses,  in  many  districts 
exceeding  the  height  of  a  man,  spring  up  in  dense  tufts,  separated  bj'  bare 
intervals  of  soil,  which  is  very  variable,  ph}-sicall\^  as  well  as  chemically, 
and  is  frequenth'  coloured  red  b,\'  iron  oxide.  On  high  plateaux  the 
grass  is  shorter,  frequently  not  taller  than  in  our  meadows,  and  more 
intermingled  with  herbaceous  perennials  and  under-shrubs  At  greater 
or  less  distances  apart  trees  appear,  usually  as  stunted,  gnarled,  dwarf 
trees,  resembling  our  apple-trees,  but  occasionally  as  lofty  individuals, 
which  as  a  rule  belong  to  characteristic  species  not  present  in  the  forest. 
Besides  dicotyledonous  trees  palms  also  occur  in  savannah. 

When  the  trees  become  closer,  the  savannah  passes  over  into  savannah- 
forest,  and  when  the  trees  disappear  it  passes  into  steppe.  Such  transitions 
are  frequent,  and  are  sometimes  occasioned  by  climatic  causes,  but  more 
frequently  by  changes  in  the  nature  of  the  soil. 

ii.   SA  VANNAH  IN  AFRICA. 

Pechuel-Losche  has  given  a  vivid  description  of  the  savannah  on  the 
Loango  coast,  which  may  be  considered  as  generally  typical  of  the 
physiognomy  of  savannah  in  lowlands.  However,  the  baobab  (Adansonia 
digitata)  is  not  in  the  picture,  nor  are  the  thick-leaved  dwarf  trees  which 
rise  singly  above  the  grass  and  which  the  author  describes  elsewhere 
(Fig.  196).  He  distinguishes  two  forms  of  savannah,  the  open  and  closed 
savannah.  Open  savaniiali  '  consists  of  less  fully  packed,  and  more  loosely 
distributed  flexible  grasses,  less  than  a  man's  height,  which  allow  of  one's 
passing  through  them  and  of  having  a  sufficient  view  of  the  surroundings  ; 
the  c/osed  savannah  consists  of  densely  crowded  stiff  grasses,  which  shoot 
vigorously  upwards,  and  which  act  as  a  strong  barrier  to  the  natives  and 
render  any  digression  from  the  trodden  path  either  very  difficult  or 
impossible.  .  .  .  The  open  grassland  occupies  the  greater  area.  The  main 
part  of  it  consists  of  grasses  about  one  meter  high.  In  many  districts, 
scattered  all  about  among  these  there  are,  gracefully  waving  in  the  breeze, 
very  loose  sprays  of  a  charming  Andropogon  and  Cymbopogon,  three 
meters  in  height,  and  of  a  shorter  Ctenium.  The  closed  grassland,  even 
when  it  has  become  transformed  into  stunted  jungle,  is  almost  entirely 
formed  of  Paniceae,  the  stiff  culms  of  which  spring  up  four  and  five  meters 
high.  The  latter  height  is  however  already  relatively  considerable  and 
exceptional,  and  according  to  numerous  measurements  a  length  of  five 
and  a  half  meters  is  to  be  considered  as  the  extreme  limit  of  growth. 

'The  vegetative  activity  of  all  campine^  glasses  occurs  during  the 
season  when  storms  are  rife ;  before  this  season  is  over,  the  grasses  have 
matured  their  seeds  and  begin  to  die,  like  the  wheat  in  our  [Central 
European]  fields.     Even  during  their  most  rapid  development  they  never 

'  Canipinc  =  savannah. 
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exhibit  the  verdant,  refreshing  tints  of  our  meadows,  as  the  growing 
haulms  arc  alw.ij-s  intermingled  with  others  which  are  dried,  either  broken 
down  or  rod-like  erect,  and  which  lend  a  pale  yellow  or  brownish  tint 
to  the  otherwise  dull  green.  These  dried  remains,  even  in  the  midst  of 
the  rainy  season,  afford  sufficient  fuel  for  a  fire,  and  render  it  possible  for 
the  crop  to  be  partially  burnt  to  the  ground,  or  at  any  rate  singed.  Tracts 
cleared  down  to  the  ground  by  the  flames,  if  seen  from  a  distance,  in  the 
first  days  of  their  growth,  when  the  countless  young  shoots  and  leaf-tips 
are  emerging,  often  vividly  recall  the  sprouting  crops  of  our  own  fields. 


Fig.  196.   Anoiia  senegalensis,  grasses  and  nests  of  termites.     From  the  West  African  savannah, 
Loango.     After  Pechuel-Losche. 

'  The  rich  show  of  the  flowers  of  the  varied  perennials  that  gives  beauty 
to  the  meadows  of  other  parts  of  the  earth,  the  transitory  splendour  of 
the  bulbous  plants  of  many  steppe-districts,  are  both  foreign  to  the 
campines.  Only  in  the  open  are  some  of  Flora's  children  found  scattered  : 
dull  red  or  yellow-flowering  indigo-plants,  a  humble  Striga  lutea,  Louret, 
with  fiery  red  flowers,  the  decorative  Cassia  mimosoides,  Linn.,  with  golden 
yellow  ones,  occasionally  a  Clerodendron  with  brilliant  scarlet  flowers. 
More  seldom,  flourishing  among  the  grasses  are  species  of  Vernonia,  \'. 
cinerea,  Less.,  with  violet  flowers,  and  V.  senegalensis,  Desf.,  with  white 
or  light  rose-coloured  flowers  ;  the  latter  being  one  of  the  commonest '.' 

'  Pechuel-Losche,  op.  cit.,  pp.  130-2. 
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The  African  savannah  possesses  not  only  dwarf  trees,  but  also  large,  even 
o-igantic  ones.  The  most  renowned  of  these  giants  of  the  savannah  is  the 
monkey-bread  tree,  or  baobab,  Adansonia  digitata,  'a  tree  that  is  variously 
developed,  but  as  a  rule  well  grown  and  of  gigantic  proportions ;  the  trunk 
and  crowm  appear  to  be  of  excessive,  one  might  say,  of  uncouth  thickness  '.' 
The  baobab  is  confined  to  open  country,  in  particular  to  savannah,  and 
absolutely  reigns  over  wide  tracts  of  it  (Fig.  197) : 

'  111  general,  the  form  of  the  monkey-bread  tree  resembles  that  of  our  huge  oaks 
growing  on  pasture  lands.  Like  these,  it  exhibits  many  individual  peculiarities, 
but  as  a  rule  it  has  its  limbs  less  gnarled  and  not  given  to  such  sharp  bends.  For 
the  sake  of  sharply  marking  off  the  different  kinds  of  individuals  of  Adansonia, 
these  may  be  ranged  under  three  heads  according  to  their  habit  of  growth.  The 
massive  unbranched  bole  is  either  cylindrical,  almost  uniformly  thick  throughout, 
and  like  a  column  bears  its  crown  at  a  great  height ;  or  it  is  short,  remarkably  thick- 
set and  swollen,  and  subdivided  not  far  from  the  ground  into  a  number  of  equal- 
sized  boughs  ;  or  low  down  it  sends  out  a  huge  mass  of  boughs,  but  up  to  at  least 
about  two-thirds  of  its  height  above  the  ground  it  remains  distinctly  recognizable 
as  the  main  trunk  -.' 

According  to  Pechuel-Losche,  an  Adansonia  of  the  first  form,  standing  at  Landana, 
measured  17  meters  up  to  the  first  bough,  with  a  girth  of  S  meters.  The  girth  of 
the  trunk  of  a  tree  of  the  second  form,  standing  at  Ambrizette,  was  27  meters. 

'  The  Adansonia  is  specially  important  as  a  true  sign  of  the  open  country.  It 
demands  space,  air,  and  light ;  if  these  conditions  of  its  welfare  are  not  fulfilled, 
it  languishes  and  dies.  The  open  grassland  is  its  home;  I  have  never  found  it  in 
high-forest.  In  other  respects,  however,  it  is  indiflerent  whether  it  grows  close  to 
water  or  on  dry  hill-tops ;  I  have  even  found  some  on  quite  swampy  ground.  As 
soon,  however,  as  bushes  settle  round  it  and  trees  begin  to  encircle  it,  it  shows 
threatening  signs  of  ruin :  it  gets  crowded  out,  loses  its  branches,  and  finally 
utterly  collapses  3.' 

The  wood  of  the  baobab  is  spongy,  soft,  juicy,  and  forms  a  vast  water-reservoir, 
to  which  the  tree  owes  its  existence  and  vigorous  development  in  the  savannah. 
It  is  however  leafless  during  the  dry  season. 

More  concisely,  but  likewise  very  vividly,  has  the  eastern  tropical  African 
savannah  (Fig.  198)  been  described  by  Hans  Meyer.  It  consists  chiefly  of 
grass  and  small  perennials  with  but  few  thorn}'  shrubs  ;  every  100-200  paces 
rises  a  tree  or  bush  of  the  mimosa-form,  that  is  to  say  with  bipinnate  le.ives. 
The  grass  does  not  form  a  close  sward,  but  grows  in  isolated  tufts,  the 
intervals  between  which  arc  occupied  by  bare,  red,  laterite  soil.  The  trees 
are  usually  so  far  apart,  that  one  can  look  between  them  for  miles  in  all 
directions  ;  less  frequently  they  close  in  and  give  the  landscape  a  park-like 
appearance. 

As  an  example  of  the  systematic  composition  of  the  Central  East  African 

grassland,  some  of  Engler's  statements  are  appended,  regarding  the  forma- 

'  Pechuel-Losche,  op.  cit.,  p.  17S.  ^  Id.,  p.  177. 

"  Id.,  p.  181. 
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tions  termed  by  him,  'high-grass-steppe,'  'bush-grass-steppe,'  and  '  tree- 
grass -steppe  ' : — 

The  /lig/i-grass-s/cppe  of  Engl.er,  which  is  a  steppe  according  to  our  terminology 


Fig.  igS.  Arborescent  Euphorbia  in  the  savannah.     German  East  Africa.     From  a  photograph. 

also,  consists  chiefly  of  Andropogoneae  with  tufts  of  haulms  1-2  meters  high  ;  there 
are  also,  however,  numerous  other  forms  of  grass,  usually  lower  m  stature,  Paniceae 
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I'licholacna,  Sctaria,  Pcnnisetuml,  Agrostideae  (Sporobolus,  xVristida  gracillima), 
L'liloridcae  (Enteropogon,  Chloris,  Leptochloa,  Lcpidopironial,  Aveneae  (Tristacliya, 
Trichopteryx),  Festuceae  (Eragrostis).  The  subordinate  herbs  growing  among  the 
grasses  are  '  partly  bulbous  or  rhizomatous  plants  with  solitary  flowering  shoots, 
partlj'  herbaceous  perennials  that  form  a  short  low  stock  and  send  up  a  tuft  of 
flowering  shoots.'  Herbaceous  Monocotyledones  are  not  numerous.  Engler 
specially  mentions  Ancilenia  Johnstonii,  Commclina  bracteosa,  Chlorophytum 
macrophyllum  and  C.  tuberosum,  Gloriosa  virescens,  also  some  species  of  Scilla, 
^Vsparagus,  some  Amaryllidaceae  (Haemanthus,  Hypoxis),  Iridaceae  (Acidanthera), 
Orchidaceae  (Lissochilus,  Ilabenaria).  Among  Dicotj'ledones,  greyish-green 
uAniaranthaccae,  not  unfrequentlj'  1-2  meters  high,  take  a  prominent  place  ;  they 
ong  chiefly  to  Celosia,  Digera,  Sericocomopsis,  Pupalia,  Aerva,  Achyranthes, 
Nothosaerva.  The  N3xtaginaceae  are  represented  by  the  common  weed  Boer- 
naavia  diffusa,  the  Aizoaceae  rather  weakly  by  Trianthema  pentandrum  and  Glinus 
otoides,  the  Phytolaccaceae  by  two  annual  succulent  herbs,  Limeum  viscosum  and 
jiesekia  pharnaceoides.  Talinum  patens,  a  succulent  weed  belonging  to  the  Portu- 
acaceae,  is  common.  The  Cruciferae  are  very  scanty  (two  species  of  Farsetia). 
A.  strong  contingent  comes  from  the  Papilionaceae,  especially  species  of  Indigofera  and 
Fephrosia,  besides  several  Hedysareae  (Zornia,  Stylosanthes,  Desmodium,  Pseudar- 
hria),Phaseoleae  (Rhynchosia,  Eriosema),  and  many  others.  TheCaesalpiniaceae  are 
joorly  represented  bj'  a  few  Cassieae.  Species  of  Polj'gala,  Malvaceae,  and  Sterculia- 
eae  are  fairly  numerous.  The  Euphorbiaceae  are  few,  and  there  are  no  Umbelliferae. 
^mong  the  Gamopetalae,  Asclepiadaceae  (Gomphocarpus,  Stathmostelma,  Schizo- 
lossum)  and  Convolvulaceae  (Convolvulus,  Ipomoea,  especially  Astrochlaena)  play 

prominent  part  by  their  abundance  and  by  their  large  flowers.  Labiatae  are  also 
lumerous  (especially  species  of  Leucas),  but  the  most  numerous  of  all  Dicotyledones 
re  Acanthaceae  (especially  species  of  Justicia,  Barleria,  Blepharis  capensis,  Neur- 
lanthus  scaber).  The  family  of  Compositae,  which  is  so  richly  developed  in  the 
iouth  American  prairie,  is  poor  in  forms  in  the  South  African,  and  is  limited  to 
pecies  belonging  to  Vernonieae  and  Inuleae.  The  following  families  also 
upply  representatives  of  subordinate  import :  Gentianaceae  (Enicostemma  verti- 
illatum),  Boraginaceae  (species  of  Heliotropium),  Verbenaceae  (Leptostachys), 
icrophulariaceae  (Striga,  Scoparia),  Solanaceae  (Solanumj,  Cucurbitaceac 
Corallocarpus,  Cucumis),  Passifloraceae  (Tryphostemma,  Adenia),  and  Rubiaceae 
Oldenlandiai. 

Engler's  biis/i-ffrnss-s/cppe,  a  shrub-savannali  according  to  our  terminology, 
ontains  singly,  or  in  small  groups,  various  kinds  of  shrubs.  The  following  are 
epresented  :  Anonaceae  (Anona  senegalensis),  Capparidaceae  iCapparis,  Courbonia, 
-adaba,  Maerua,  Thylachium),  Leguminosae  (Acacia,  Diphaca),  Malpighiaceae  (Di- 
-pis  albida,  Triaspis  auriculata),  Euphorbiaceae  (species  of  Phyllanthus,  Bridelia, 
■  calypha,  Flueggea),  Anacardiaceae  (Rhus  villosa,  R.  glaucescens),  Celastraceae 

'vmnosporia  senegalensis),  Sapindaceae  (Deinbollia  borbonica),  Rhamnaceae 
Zizyphus  Jujuba),  Thymelaeaceae  iGnidia),  Verbenaceae  (Bouchea  pterygocarpal, 
.canthaceae  (Blechum  hamatum,  Hygrophila  Volkensiil,  Rubiaceae  (Crossopterj'x 

ricana,  Gardenia  Thunbergii). 

The    trees    in    Engler's    tree-grass-skppe,    a    real     savannah    according    to    our 

rminology,  are  chiefly  species  of  Acacia  (A.  subulata,  A.  Seyal,   A.  spirocarpa, 
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A.  Senegal,  and  others).  Prominent  components  are,  moreover,  Adansonia  digitata 
and  Kigelia  aethiopica,  a  tree  up  to  25  meters  high  and  with  a  trunk  8  meters  in  girth. 
Doom  palms  (species  of  Hyphaene)  also  appear  in  great  numbers  in  many  savannahs 
(Fig.  199).  Other  trees  of  the  East  African  savannah  are  :  Dalbergia  melanoxylon 
(Papilionaceae-Dalbergieae),  Poinciana  elata  (Caesalpiniaceae),  Zizyphus  mucronata 
and  Berchemia  discolor  (Rhamnaceae),  species  of  Sterculia,  Odina  tomentosa  and 


Fig.  200.  Landscape  in  the  llano  with  Capernicia  tectorum,  the  latter  in  some  cases 
infested  by  an  epiphytic  Ficus.     Venezuela.     After  Carl  Sachs. 

Heeria    insignis    (Anacardiaceae),     Combretum    and    Terminalia    (Combretaceae) 
Spathodea  nilotica  (Bignoniaceae),  species  of  Strychnos. 


iii.    SAVANNAH  IN  AMERICA. 

Humboldt,  who  gave  the  first  description  ^  of  tropical  grassland  in  con 
nexion  with  the  '  llanos  '  of  Venezuela,  regarded  the  latter  as  immeasurabk 
treeless   plains   of  grassland.       Not   only   I   myself,   who    have   seen  onl)j 
a  small  part  of  the  llanos,  but   also  Carl  Sachs,  who   traversed   them  ir 
several    directions    and    frequently    travelled    over    the    same    country  a; 

'  Humboldt,  op.  cit. 


fM.(^-^sr. 


Img.  201.  Flora  of  ihe  campos  of  Minas  Geraes.  Compositae.  i.  Baccbaris  serrulala,  var. 
mgraea.  2.  Baccharis  rufescens.  3.  Riencouilia  oblongifolia.  4.  \'ernonia  elegans.  5.  Micania 
"iScinalis.  6.  Brickellia  piiiifolia.  7.  Eupatorium  horminoides.  Natural  size.  From  the  Flora 
^•asiliensis. 
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Humboldt,  have  received  other  impressions  of  the  llanos.  The  boundless 
grassland  that  Humboldt  described  was  not  revealed  to  our  eyes,  but,  on 
the  other  hand,  a  park-like  country,  in  which  woodland  forms  oases  and 
strips  in  the  grassland,  and  the  grassland  usually  occurs  in  the  guise, 
not  of  treeless  steppes,  but  of  savannah  scantily  dotted  with  solitary  trees 
(Fig.  2oc). 

A  similar  park-like  appearance,  a  similar  differentiation  of  the  grassland 
as  savannah,  according  to  Schomburgk's  description  \  belongs  to  the 
savannah-districts  of  Guiana  : — 

'Forests— I  have  termed  them  oases— sometimes  miles  across,  sometimes  ofless 


Fic.  202.    From  the  Brazilian  campos  of  Minas  Geraes.     The  small  tree :  Andir.i  inermis^?).     Left 
lund :  Bromelia  bracteata.    Also  Eremanthus  sphaerocephalus  and  Iporaoea  sp.    After  Warming, 

extent,  most  frequently  with  a  circular  outline,  rise  out  of  tlie  savannah,  like  island 
from  the  sea.  .  .  .  Fringing  the  rivers  of  the  savannah  for  a  width  of  usually  loc 
to  200  feet,  but  often  more,  is  a  band  of  vegetation,  not  luxuriant  indeed,  but 
consisting  of  closely  crowded  trees  and  shrubs.  .  .  .  The  "grass"  of  the  savannah 
consists  for  the  most  part  of  Cyperaceae  with  yellow,  rough-haired,  straggling 
stems,  and  they  are  intermixed  with  a  number  of  p'rickly,  woody,  and  herbaceoui 
plants  belonging  to  the  families  Malpighiaceae,  Leguminosae,  Rubiaceae,  Myrtaceae 
Malvaceae,  Convolvulaceae,  Menispermaceae,  Apocynaceae,  and  others.  Stuntec 
habit  characterizes  the  growth  of  the  trees,  such  as  Curatella,  Bowdichia,  Psidium 

^  Schomburgk,  I,  p.  798. 
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Rhopala,  that  stand  isolated  here  and  there,  and  especiallj'  occur  on  eminences  ; 
tliese  trees  are  never  found  in  forests.  Tlie  swampy  depressions  of  the  savannah 
are  for  tiic  most  part  occupied  by  Mauritia  flexuosa,  sometimes  isolated,  sometimes 
forming  actual  forests.' 

The  campos  of  Brazil,  like  the  llanos  and  the  savannahs  of  Guiana, 
do  not  consist  of  a  uniform  formation  spread  over  a  wide  area,  but  of 
a  richly  differentiated,  undulating  park-like  country,  in  which  different 
forms  of  woodland  and  grassland 
partake,  although  the  latter  prepon- 
derates. 

Saint-Hilaire  also  describes  the 
campos  of  Minas  Geraes  as  a  hilly 
tract,  the  depressions  in  which  form 
true  savannah  with  stuntedtrees,  whilst 
the  heights  are  covered  with  pure 
steppe.  Yet  the  campo-district  is  by 
no  means  without  forest.  '  Wherever 
a  damp  and  deep  valle}-  appears  in 
the  midst  of  the  free  and  merely  lui- 
dulating  surface  of  this  immense  dis- 
trict, wherever  a  depression  occurs 
on  the  slope  of  a  hill,  one  may  be 
certain  of  finding  a  group  of  trees  ' '. 

The  herbaceous  vegetation  of  the 
savannah  has  most  probably  every- 
where a  xerophilous  structure  ;  but 
only  a  few  observations  of  the  vegeta- 
tion of  the  campos,  those  of  Warming, 
are  available.  According  to  him, 
many  herbs,  both  Dicotyledones  and 
Monocotyledones,  have  tubers,  which 
function  either  primarily  or  secon- 
darily as  water-reservoirs  (Figs.  203 
and  204).  The  leaves  of  the  grasses 
are  narrow  and  stiff,  the  leaves  of 
Dicot}-ledones  are  usually  small  and 
hard,  and  frequently  the  plants  are  reduced  to  a  completely  aphyllous 
condition. 

Warming  has  thoroughly  studied  the  systematic  composition  of  the  campo  of 

'  Lagoa  Santa  in  Minas  Geraes  {Figs,  201-205).     He  found  554  herbaceous  species. 

The  majority  of  individual  plants  are  grasses,  of  which  about  60  species  in  particular 


Fig.  203.  Vernonia  desertorum.  From  the 
Brazilian  campos  of  Minas  Geraes.  Natural 
size.     After  Warming. 


'  Saint-Hilaire,  op.  cit.,  p.  9. 
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belong  to  the  Paniceae  (Paspalum,  Panicum)  and  Andropogoneae  (Andropogon,  and 
so  forth).  According  to  the  number  of  species,  Compositae  preponderate,  especially 
Vernonieae  (Vernonia)  and  Eupatorieae  (Eupatorium),  also  Asteroideae,  Inuloideae, 
Helianthoideae,  Helenioideae,  Mutisieae.  The  Ligulatae  are  represented  onlj'  by 
a  Hieracium.  The  Papilionaceae  (60-70  species)  are  very  numerous,  whilst  the 
Caesalpiniaceae  and  Mimosaceae  can  show  only  a  few  species.  Among  strongly 
represented  families  are  Orchidaceae  with  35-40  species,  and  Cyperaceae,  Labiatae, 


Fig.  204.    Gomphrena  jubata.     Flora  of  the  Brazilian  campos.     Natural  size. 
From  the  Flora  Brasiliensis. 

Asclepiadaceae,  Convolvulaceae,  Euphorbiaceae,  Rubiaceae  with  20-25  species.  The 
Polygalaceae  have  10-15  representatives;  the  Iridac§ae,  Apocynaceae,  Melastoma- 
ceae,  Verbenaceae,  Acanthaceae,  Gentianaceae,  Scrophulariaceae,  Caesalpiniaceae, 
Mimosaceae,  Amarantaceae,  Malvaceae  have  5-10;  the  Malpighiaceae,  Cucurbi- 
taceae,  Ampelidaceae,  Umbelliferae,  Polypodiaceae,  Sterculiaceae  have  3-4  species  ;j 
the  Oxalidaceae,  Gesneraceae,  Turneraceae,  Passifloraceae,  Bromeliaceae,  Menisper 
maceae,  Commelinaceae,  Lobeliaceae,  Anonaceae,  Aristolochiaceae,   Rliamnaceae,| 


Fig.  205.  Flora  of  the  Brazilian  campos  of  MinasGeraes.  i.  Sida  linifolia.  2.  Lippia  rotundi- 
folia.  3.  Eryngium  ebracteatum.  4.  Tiboucliina  fiigidula.  5.  Crolon  antisiphyliticus.  6.  Crumen- 
aria  erecta.    7.  Hyptis  virgata.    8.  Borreria  eryngioides.    Natural  size.    From  the  Flora  Brasiliensis. 
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Boraginaceae,  Hj'poxidaceae,  Eriocaulaceae,  Cordiaceae,  Moraceae,  Lauraceae, 
Droseraceae  have  only  1-2  species. 

The  author  found  170-180  species  of  shrubs.  Speciallj-  numerous  among  them 
are  Myrtaceae  and  Malpighiaceae  ;  tiien  come  the  Melastomaceae  and  Compositae. 
5-10  species  are  exhibited  by  the  Euphorbiaceae,  Lythraceae,  Rubiaceae,  Anonaceae, 
Papilionaceae,  Caesalpiniaceae,  Mimosaceae.  By  3-4  species  are  represented  the 
Apocjmaceae,  Bixaceae,  Ternstroemiaceae,  Loranthaceae.  By  one,  or  at  most  two, 
species  the  Erythroxj'Iaceae,  Connaraceae,  Sapindaceae,  Dilleniaceae,  Mj-rsinaceae, 
Solanaceae,  Loganiaceae,  Bombaceae,  Cordiaceae,  Artocarpeae,  Bignoniaceae,  Sima- 
rubaceae.  Ochnaceae,  Anacardiaceae,  Symplocaceae. 

Warming  estimates  the  number  of  tree-species  at  76,  or  including  doubtful 
species,  80.  Of  families  with  more  than  one  species  there  are  Vochysiaceae  with  8  ; 
Papilionaceae,  Myrtaceae,  and  Compositae,  with  5  each  ;  Bombaceae,  Malpighiaceae, 
Nyctaginiaceae,  with  4  each  ;  Caesalpiniaceae,  Mimosaceae,  Bignoniaceae,  Protea- 
ceae,  Myrsinaceae,  Rubiaceae,  Melastomaceae,  with  3  each  ;  Sapotaceae,  Combre- 
taceae,  Apocynaceae,  Erythro.xylaceae,  Sapindaceae,  Palmae,  with  2  each.  Families 
with  only  one  species  are  the  Anonaceae,  Araliaceae,  Connaraceae,  Rhizobolaceae, 
Ternstroemiaceae,  Loganiaceae,  Chrysobalanaceae,  Solanaceae,  Verbenaceae,  Lythra- 
ceae, Euphorbiaceae,  Labiatae,  Bixaceae,  Stj'raceae,  Ebenaceae,  Celastraceae, 
Olacaceae,  Dilleniaceae. 
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I.    EDAPHIC  INFLUENCES  IN  TROPICAL 
INLAND  COUNTRY. 

The  differentiation  in  the  flora  and  in  the  oecological  features  of  the 
vegetation,  arising  from  differences  in  the  constitution  of  the  soil,  is  much 
more  pronounced  in  the  periodically  dry  districts  than  in  the  constantly 
humid  ones,  where  the  rain-forest,  without  apparently  exhibiting  any 
essential  difference,  extends  over  the  most  \aried  kinds  of  soil  and  shows 
a  different  physiognomy  only  in  those  stations  that  are  swampy  or  very 
rich  in  salts. 

Owing  to  the  lack  of  proper  observations,  it  is  not  at  present  possible  to 
distinguish  between  the  physical  and  chemical  influences  of  the  soil  in  the 
tropics,  and  the  whole  subject  of  edaphic  influence  is  still  very  little  studied, 
except  in  regard  to  littoral  formations,  so  that  we  must  be  satisfied  by 
considering  individual  kinds  of  soil  and  the  vegetation  peculiar  to  each, 
without  inquiring  closely  into  causes. 
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i.   LATER1TE\ 

Tropical  zones  possess  a  widespread  and  characteristic  kind  of  soil, 
termed  latcritc,  a  red  or  dark  yellow  loam  impregnated  with  ferric  oxide 
or  ferric  h}-drate,  and  resulting  from  the  weathering  of  all  rocks  that 
contain  alumina  and  iron.  Laterite  exhibits,  in  consequence  of  its  varied 
origin,  much  variety  both  in  its  chemical  and  physical  properties.  From 
true  laterite,  which  contains  hard,  vitreous  or  cellular  concretions  composed 
of  ferric  oxide  or  hydrate,  and  is  limited  to  the  tropics,  Wohltmann 
separates  red-earth,  which  is  devoid  of  such  concretions,  and  plays  an 
important  part,  in  particular  in  extra-tropical  South  America  and  even  in 
Mediterranean  countries. 

With  all  their  chemical  differences  the  laterites  possess  certain  negative 
characters  in  common  that  are  important  in  relation  to  vegetation,  namely- 
great  poverty  in  alkalis  and  lime  or  their  complete  absence,  and  poverty  in 
phosphorus,  magnesia,  and  sulphur.  The  chief  constituents  are  silica, 
alumina,  and  ferric  oxide,  in  very  variable  proportions. 

The  following  table  gives  an  idea  of  the  great  variability  in  the  chemical  com. 
position  of  laterite: — 

COMPOSITION  OF  LATERITE  (after  Wohltmann). 

Malanzhe  (Central  Africa).  Table  Mountain.  Gabun.  Rangoon  (about). 

SiO,                       80.5%                        53.5%  10.4%                     37-0% 

AlA                       11-1%                         26-8%  17-8%                        6-o% 

FeA                      4-o%                          9-8%  58-0%                     47-o  % 

Physically,  laterite  is  characterized  by  very  low  capacity  for  retaining 
water;  in  particular,  old  washed-out  laterite,  rich  in  coarse  fragments,  is 
rery  permeable.      Being    a    soil    poor    in    nutriment    and    drying    rapidly, 

specially  after  its  finely  grained  constituents  have  been  washed  out, 
'aterite  affords  a  very  unfavourable  snbsiraUnii  for  the  existence  of  plants. 
It  is  not  yet  known  how  far  the  large  proportion  of  iron  also  affects  the 

haracteristic  peculiarities  of  the  vegetation. 

Laterite,  especially  in  its  stony  porous  forms,  induces  in  the  forest 
1  physiognomy  which  is  characteristic  both  as  regards  its  oecological 
features  and  its  systematic  composition,  and  which  has  been  described  by 
Brandis  and  Kurz  in  respect  to  Burma. 

A  tree  characteristic  of  the  laterite  localities  in  that  country  is  the  eng, 
Dipterocarpus  tuberculatus,  which  dominates  the  forest  through  its  social 
labit,  and  distinguishes  itself  essentially  from  the  other  accompanying  trees 
3y  the  fact  that  it  exhibits  a  norinal  growth   in  height,  whereas  the  other 

rees  are  reduced  to  gnarled,  more  or  less  dwarfed,  forms.     Such  forests  are 

ermed  '  eng-forest '  by  Brandis  and  Kurz  -. 

'  Wohltmann,  op.  cit.,  p.  143.  '  See  p.  354. 
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ii.  LIME. 

In  warm  climates.  lime  appears  to  exercise  an  action  on  plant-life  quite 
different  from  that  which  it  has  in  temperate  and  cold  climates.  Weathered 
soil  of  pure  limestone  affords  less  favourable  conditions  for  the  growth  of 
plants,  and  the  number  of  plants  whose  development  is  favoured  by  liming 
the  soil  is  smaller  in  low  than  in  high  latitudes  ^. 

Nothing  quite  certain  is  known  regarding  the  influence  of  the  chemical 
properties  of  lime  on  the  constitution  of  the  vegetation  in  the  tropics, 
although  several  species  appear  to  be  limited  to  a  calcareous  soil.  The 
effects  of  a  calcareous  soil  that  have  hitherto  been  demonstrated  refer 
solely  to  stony  situations,  poor  in  humus,  in  periodically  dry  regions,  and 
possibly  may  be  traced  back  to  the  low  water-absorbing  power  of  lime, 
therefore  to  a  purely  physical  property. 

In  the  climate  of  the  monsoon-forest,  calcareous  soil  having  the  low 
water-absorbing  power  just  mentioned  causes  the  appearance  of  the  most 
xerophilous  of  tropical  forest-types,  namely  the  thorn-forest,  or  it  may  be 
of  thorn-bush  and  thorn-scrub,  which  denote  a  still  greater  dryness.  The 
occurrence  of  thorn-forest  on  calcareous  soil  in  Central  Brazil  has  been 
already  mentioned-.  In  the  periodically  dry  districts  in  Pegu,  Kurz's 
'dry  forest,'  a  type  corresponding  exactly  to  our  thorn-forest,  is  characteristic 
of  dry,  stony,  calcareous  soil.  It  is  a  bush-like  forest,  green  in  the  rainy 
season,  'not  very  inviting  on  account  of  the  prevalence  of  thorny  trees  and 
shrubs.'  The  trees  are  there  of  moderate  height  (50-70  feet,  exceptionally 
up  to  100  feet);  Acacia  Catechu  (sha)  is  in  such  forests  frequently  the 
predominant  species  of  tree,  hence  the  name  sha-forest.  Finally,  forests 
and  bush  of  similar  oecological  character  have  been  described  by  Warburg 
on  calcareous  soil  at  Ceram-Laut. 

Warburg  observed  a  diversified  primary  forest  vegetation,  where  there  was 
almost  no  humus,  on  calcareous  rocks,  if  the  latter  were  sufficiently  fissured ;  this 
vegetation  consisted  chiefly  of  bushes,  some  of  which  were  armed  with  thorns. 
One  or  two  endemic  species  were  found  there  alone.  The  following  species  pre- 
dominated :  Trema  virgata,  Bl.,  Dalbergia  densa,  Benth.,  Eugenia  Reinwardtiana,  DC, 
Zanthoxylum  diversifolium,  Warb.,  Atalantia  paniculata,  Warb.,  Breynia  cernua, 
Miill.-Arg.,  Acalypha  grandis,  Benth.,  Flagellaria  indica,  Linn.,  Citrus  Hj^strix,  DC. 
In  places,  collections  of  a  small  bamboo,  Schizostachyum  Zollinger!,  occurred. 

iii.   HUMUS\ 

Soils  rich  in  humus  cover  smaller  areas  in  the  tropics  than  in  temperate! 

zones,  and  pure  deep  humus-soils  are  very  rare.     The  poverty  in  humus  is, 

a  consequence  of  the  acceleration  in  the  development  of  micro-organisms  j 

occasioned  by  the  tropical  heat,  which  is  at  least  for  a  part  of  the  )-ear 

'  Wohltmann,  op.  cit.,  pp.  134-5.  '  See  p.  360.         =  Wohltmann,  op.  cit.,  p.  173.     t 
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combined  with  ijrcnt  humidit)-.  In  addition,  in  tropical  districts  with 
a  heavy  rainfall,  on  account  of  the  great  abundance  and  intensity  of 
atmospheric    precipitations,    the   organic    products    of  decomposition    arc 


3. 
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drained  away  to  such  an  extent  that  many  tropical  rivers,  especially  during 
the  rainy  season,  assume  a  coffee-brown  colour. 

Soil  rich  in  humus,  with  8-9  7»  of  organic  matter,  is  found  within  the 
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tropics,  in  particular  in  South  India,  which  is  covered  to  about  one-third 
of  its  area  by  the  fertile  black  soil — regur — that  also  occurs  further  north ; 
similar  soil  is  found  also  in  flat,  densely  wooded  tracts  of  country,  where 
the  flow  of  water  is  slower  and  shade  retards  the  process  of  decomposition.  | 
Peat  is  never  produced,  except  in  inoiin  tains  over  i,200  meters  in  height. 

iv.   SILICEOUS  SOIL. 

A  very  permeable  soil  rich  in  silica  and  gravel  is  a  substratum  unfavour- 
able to  the  growth  of  trees,  and  therefore  situations  with  soil  of  such 
a  nature  always  exhibit  a  characteristic  form  of  vegetation.  Some  species 
of  plants  withstand  these  unfavourable  conditions  better  than  others  and 
form  more  or  less  pure  woods.  This  is  to  a  great  extent  the  case  in 
India  with  the  sal-tree  (Shorea  robusta)  ^,  which  forms  forests  of  great 
extent  in  the  long  valleys  (duns)  between  the  outer  chains  of  the 
Himalaya  Mountains  (Fig.  2c6),  then  again  in  a  southern  very  extensive 
tropical  area  that  is  separated  from  its  northern  habitat  by  the  Ganges 
valley.  The  sal-forest  always  occurs  on  a  loose  soil  that  is  very  permeable 
to  water,  and  is  absent  whenever  the  soil  becomes  firm.  In  general  it  is 
not  the  climate,  but  the  soil  alone,  that  determines  its  presence.  Hence  the 
sal-tree  is  absent  from  the  western  half  of  the  Indian  peninsula,  where  trap 
is  the  prevailing  rock,  whilst  it  forms  extensive  forests  in  the  eastern  half, 
which  has  a  very  similar  climate. 

In  all  probabilitj-  the  occurrence  of  natural  bamboo  ivoods  (Fig.  207)  is  also 
connected  with  peculiarities  of  the  soil  that  are  less  favourable  to  other  trees,  since 
thej-  usuallj-  appear  only  locally,  except  in  the  Burmese  mountains,  where  they 
sometimes  cover  extensive  tracts.  Kurz  assigns,  as  the  substratum  for  bamboo- 
woods,  rocky  or  shallow  alluvial  soil  in  the  case  of  certain  species,  and  deep  alluvial 
soil  in  the  case  of  others. 

Bamboo-woods  merit  the  term  '  pure '  better  than  any  others,  for  they  consist 
only  of  one  or  two  species  of  bamboo  and  are  devoid  of  any  other  plants.  According 
to  Kurz,  in  the  very  dense  forests  of  certain  species  of  bamboo  a  few  mosses 
(Hj-pnum,  Fissidens)  and  lichens  appear  onlj'  here  and  there  on  the  soil  and  on 
the  base  of  the  stems. 

Bamboo-woods  often   owe   their   origin   to  cultivation.      As   in   such  cases  they  | 
Irequently  cannot  be  distinguished  with  any  certainty  from   others  that   are  pro- 1 
duced  naturally,  it  is  evidently  difficult   to  shed  light  upon  the   obscure  problem 
regarding  the  conditions  determining  their  appearance. 

V.     SIVAMPY  GROUND. 

According  to  the  still  defective  observations  regarding  the  oecology  of  I 
tropical    vegetation,  a   persistent   and    great    amount    of  water   in   soil 

'  Brandis,  op.  cit. 
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extremely  impoitniit.     1?\-  the  infiltration  of  water  from  ri\ers  and  lakes, 
conditions    for    forest    growth    arc    secured     in    grassland    districts,    and 


Fig.  .'07.    Exterior  of  a  bamboo-wood.     Left  hand  :    Areca  Catechu.     Java.     Krom  a  photograph. 

tropophilous   or  xerophilous   deciduous  forest  is  transformed   into   hygro- 
philous  evergreen  forest.     Stagnant  water  occasions  still  more  fundamental 
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deviations  from  the  climatic  type  as  regards  both  the  nature  of  the  flora 
and  its  oecology.  Swampy  ground  is  frequently  occupied  by  pure  woods 
of  certain  species  of  palms.  Thus,  in  Trinidad,  I  observed  Mauritia 
setigera  forming  the  sole  vegetation  in  swampy  parts  of  the  savannah 
of  Aripo  ;  in  Venezuela  and  Brazil,  other  species  of  Mauritia  (M.  vinifera, 
M.  flexuosa)  similarly  congregate  to  form  pure  woods  ;  Phoenix  paludosa 
grows  socially  in  the  swamps  of  the  Ganges  delta,  and  so  on.  Certainly 
mixed  forests  are  not  wanting  on  swampy  ground,  but  they  are  usually 
much  less  rich  in  species,  in  particular  as  regards  large  trees,  than  those  of 
less  wet  soil.     The  best  known   among  them    are   the  mangroves  of  the 
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Fig.  2oS.    .Swamp-forest  in  Lorneo.     From  a  photograph  by  Kukenlhal. 

tropical  shores  within  reach  of  tides  ;  they  owe  their  peculiarities  partly 
to  the  saline  nature  of  the  substratum,  and  will  be  dealt  with  later  on  in 
connexion  with  other  littoral  formations.  In  contrast  with  mangrove,  the 
mixed  forest  of  fresh-water  swamps  in  the  interior  of  Burma,  Sumatra, 
and  Borneo  (Fig.  208),  has  hitherto  been  very  little  studied,  although 
it  seems  to  afford  much  that  is  characteristic  as  regards  both  flora  and 
oecology. 

Kurz  states^  that  sivanip-foirst  is  'the   most   curious   forest   in    Btu-ma,   and   of 
great  interest  to  the  botanist.     In   fact,  its  constituent   plants  are  so  dissimilar  to 

'  Kurz,  op.  cit.,  p.  29. 
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those  of  the  surrouiicliiig  forests,  that  one  must  necessarily  ask  liow  all  these  trees 
line  here.  The  greater  part  of  them  do  not  occur  anywhere  but  in  swamps  or 
-iniilar  watery  places,  and,  absent  from  large  tracts  of  country,  they  reappear  in 
widely  separated  spots  that  are  adapted  for  their  growth.  They  might  be  called 
the  mangrove-forest  of  the  fresh  waters,  the  ground  on  which  they  grow  being 
almost  as  exposed  and  swampy  as  that  of  the  mangrove-swamps.'  According  to 
.1  communication  by  Captain  Seaton  to  Kurz,  swamp-forest  is  complete^  bare  of 
leaves  in  the  height  of  the  rainy  season.  Swamp-forest  appears  in  Burma  chiefly 
111  the  deep  alluvial  soil  of  the  Irawadi  valley,  but  also  along  the  Sittaung  and  at  the 
base  of  the  Yoma  Hills.  It  occurs  in  a  typical  form  in  localities  which  in  the  rainy 
-cason  are  covered  by  water  up  to  4  or  5  feet  (sometimes  even  7  feet).  It  consists, 
like  rain-forest,  of  several  tiers:  tall  trees  60-70  feet  high,  small  trees,  shrubs, 
and  plants  clothing  the  ground. 

As  in  most  formations  with  a  verj-  peculiar  substratum,  the  tall  trees  consist  of 
only  a  few  species :  Anogeissus  acuminatus,  Mangifera  longipes,  and  Xantlio- 
pliyllum  glaucum  are  by  far  the  most  prominent.  The  smaller  trees  are  more 
diverse  :  the  most  commonly  seen  are  Memecylon  Helferi,  Elaeocarpus  photiniae- 
folia(?).  Pavetta  parviflora  and  P.  nigricans,  Gonocaryum  Lobbianum,  Symplocos 
leucantha,  Glochidion  sp.,  Hemicylia  sumatrana,  Flacourtia  sp.,  Cassia  Fistula, 
Randia  sp.,  two  species  of  Eugenia,  two  species  of  Aporosa,  Garcinia  succifolia, 
I'arringtonia  acutangula,  Dalbergia  flexuosa.  Among  shrubs  are  in  particular 
I  .lycosmis  pentapliylla.  Capparis  disticha,  Hymenocardia  Wallichii.  Grewia  sinuata, 
!'?ilobium  sp.,  Cratacva  hygrophila,  Combretum  trifoliatum.  Gardenia  sp.  The 
lianes  are  numerous  and  many  of  them  verj'  peculiar,  as  they  possess  a  short  stem 
that  reaches  only  to  the  surface  of  the  water  during  the  rainy  season,  and  from 
\\  hich  there  rise  disproportionately  long  and  curved  shoots,  which  form  an  impene- 
trable thicket;  amongst  them  are  Jasminum  sp.,  Gmelina  asiatica,  Pachygone 
tlorifera,  Sphenodesme  erysiboides,  Tetracera  sp..  Acacia  pennata  (?),  Ancistro- 
cladus  Griffithii.  Combretum  tetragonocarpum,  Roydsia  obtusifolia,  Dcrris  scandens, 
D.  elegans,  U.  uliginosa.  The  terrestrial  herbs  are  scanty  and  consist  chiefly  of  Carex 
Wallichii,  also  Cyperus  sp.,  Fimbristj'lis  sp.,  species  of  Polygonum,  and  Maranta. 
Orchids  abound  as  epiphytes,  especially  near  small  lakes.  Accompanying  them 
arc  large  ferns  such   as  Asplenium  Nidus,  and   numerous  mosses  and  liverworts. 

I  he  water  of  the  pools  and  swamps  is  usually  very  muddj'  and  poor  in  plants  ; 
lear  clean  water  never  entertains  a  verj'  rich  flora  of  common  fresh- water  plants. 

Besides  the  forest-clad  swamps,  there  are  others  that  resemble  oases  of  grassland 
in  the  midst  of  the  forest.  Thus  Junghuhn '  describes  swamps  in  East  Java  that 
lie  covered  with  water  during  the  rainj-  season,  but  dr}'  up  more  or  less  completel3' 

II  the  drj-  season  and  are  overgrown  with  reed-like  grass.  Kurz  has  observed 
Iperfectlj'  similar  formations  in  Burma,  where  they  are  sometimes  free  from  water 
■during  the  drj'  season,  and  covered  with  soft  juicy  species  of  grass  like  Hymenachne 
Myurus  and  H.  interrupta.  Panicum  Crus-galli  and  P.  antidotale,  Isachne  sp.,  Leersia 
lexandra.  with  a  few  herbs,  such  as  species  of  Jussieua  and  Xj'ris,  and  these  plants 
n  the  rainy  season  form  floating  meadows.  Swamps  that  even  in  the  drj'  season 
emain  very  wet,  bear  either  a  flora  quite  similar  to  that  of  the  periodical!}^  drj-  ones  or 
ii'e  covered  with  the  reeds  Phragmites  Roxburghii  and  other  species  of  Phragniites. 

'  Junghuhn,  op.  cit.,  p.  20S. 
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vi.   FUMAROLES  IN  JAVA. 

Zollinger^  was  the  first,  and  he  was  followed  by  Junghuhn  -,  to  observe 
in  Java  the  peculiar  phenomenon  that  vegetation  close  to  fumaroles  is 
chiefly  composed  of  alpine  species,  even  when  the  station  is  1,000-1,500 
meters  below  alpine  regions.  Besides  the  purely  alpine  species,  there 
appear  in  the  vegetation  around  the  fumaroles  in  Java  plants  which  grow 
in  neighbouring  forests  as  epiphytes,  but  are  unknown  as  terrestrial  plants 
away  from  the  fumaroles. 

The  fumaroles  of  Java  that  I  studied  consist  sometimes  of  drj-  crevices 
encrusted  with  crystalline  sulphur,  at  other  times  of  crateriform  pools,  the 
hot  water  of  which  is  frequently  almost  at  boiling-point  (according  to 
Junghuhn  up  to  197°  F.  =  92°  C).  and  is  kept  violently  bubbling  by  the 
gases.  Where  these  pools  are  collected,  usually  in  large  numbers  and 
of  different  sizes,  the  soil  is  a  wet  white  claj-,  which  is  said  b}-  Junghuhn 
to  arise  by  the  action  of  sulphuric  acid  on  trachyte  ;  it  is  usually  covered 
by  a  yellow  efflorescence  of  sulphur.  The  ground  is  frequently  so  hot 
that  to  remain  standing  on  it  is  impossible.  From  all  the  crevices  and 
pools  there  escape  hot  vapours  of  suffocating  odour,  sometimes  of  K 
sulphuretted  hydrogen,  at  other  times  of  sulphurous  acid.  The  water  has  ^Mt 
an  acid  taste  and  sets  the  teeth  on  edge. 

Amid  these  peculiar  conditions,  frequently  close  to  the  bubbling  pools,    W- 
rooted  in  the  hot  acid  soil,  their  foliage  bathed   in  hot  sulphury  vapours, 
luxuriant  bushes  flourish,  and  show  no  other  effects  of  their  environment 
beyond,  in  places  specially  rich  in  vapour,  a  white  mealy  coating  on  th 
cortex  and  leaves. 

The  bushes  of  the  solfataras  are  much  lower  in  stature  than  the 
surrounding  forest  and  quite  sharply  marked  off  from  it.  None  of  the 
small  trees  and  shrubs  that  form  the  underwood  in  the  high-forest  appeal 
among  them  ;  of  forest  herbs  only  a  few  species  represented  by  detached  brt 
individuals  occur  ;  plants  that  occur  elsewhere  in  the  open  situations 
of  the  same  region  are  entirely  absent.  In  spite  of  the  humidity  of  the 
atmosphere  and  of  the  soil  the  flora  of  the  solfataras  is  composed  oj 
xeroplnloiis  species  ;  in  fact,  nearh'  all  the  xerophytes  of  the  neighbourhooc 
are  collected  there.  There  are  always  numerous  plants  of  \"acciniun: 
varingiaefolium,  which  otherwise  inhabits  onh'  the  dry  alpine  region  above 
a,6co  meters,  together  with  Rhododendron  javanicum,  which  thrives  on  the 
topmost  branches  of  the  neighbouring  forest,  and  Ficus  diversifolia,  tha 
otherwise  occurs  only  as  an  epiphyte,  and,  on  tKe  sea-shore  near  Singapore 
as  a  halophytc.  In  solfataras  of  lower  regions  some  other  species,  else 
where  epiphytic,  may  be  added,  such  as  Medinilla  javanensis  and  RhodO' 
dendron  tubiflorum,  whilst  as  the  altitude  above   sea- level   increases,  th 


'  Zollinger,  op.  cit.,  p.  43.  -  Junghuhn,  op.  cit.,  p.  453  ;  also  Schimper,  I. 
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alpine  species  in  the  soifataras  steadily  increase  in  numbers  (Rhododendron 
retusiim.  Gaiiltheria  leucocarpa,  Myrsine  avenis).  Besides  these,  isolated 
ferns  with  leather)'  leaves,  and  lycopods,  are  always  present  in  such  spots. 
It  is  remarkable,  as  Junghuhn  has  already  recorded,  that  the  stems  of  the 
solfatara-bushes  are  entirel)'  free  from  all  cpii)h\-tic  vegetation,  even  from 
mosses  and  lichens  ;  as  the  above-mentioned  author  expresses  it,  a  clean 
sweep  is  made  of  the  last-named  plants — a  phenomenon  that  is  also 
j  exhibited  on  the  sea-shore. 

As  has  been  previously  explained  \  the  physiolo<jical  cause  of  the 
(Kcurrcnce  of  a  completely  xerophilous  vegetation  on  a  wet  soil,  in 
.1  climate  with  a  heavy  rainfall,  in  the  midst  of  a  most  luxuriant  rain- 
forest, is  supplied  by  the  abundance  of  very  soluble  salts,  especially  alum 
and  other  sulphates,  in  the  soifataras. 

2.    FORMATIONS  OF  THE  TROPICAL  SEA-SHORE. 

i.    CLASSIFICA  TKhX  OF  TROPICAL  LITTORAL  FORMA  TIONS. 

Among  the  edaphic  formations  of  the  tropics,  only  those  of  the  sea-shore 
have  as  yet  been  accurately  investigated.  They  owe  their  marked 
characteristics  partly  to  physical  and  partlj'  to  chemical  causes,  and.  as 
these  are  very  variable,  the  formations  exhibit  a  ph\-siognomy  that 
trequently  varies  at  short  distances. 

Tropical  littoral  formations  may  be  divided  into  four  groups  : — 

i  ■  Open  formations  of  the  stony  and  roeky  shore. 

2.  Open  formations  of  the  sandy  shore. 

3.  Littoral  ivoodland  above  high-tide  mark. 

4.  Littoral  woodland  below  high-tide  mark. 

The  formations  on  rocky  and  ston)'  ground  of  the  shore  must  be  left 
out  of  consideration,  as  observations  regarding  them  are  wanting. 
According  to  my  own  occasional  observations,  they  appear  to  afford 
little  that  is  characteristic. 

ii.    OPEy  FORMATIONS  OF  THE  SANDY  SHORE. 

The  flat  sandy  shore  on  open  coasts,  exposed  to  the  wind,  is  only  poorly 
clad  with  vegetation.  This  is  also  true  of  the  outermost  series  of  dunes, 
whereas  dunes  further  from  the  sea,  and,  still  more,  the  valley-like 
depressions  between  them,  show  a  vegetation  that  increases  in  density 
1  landwards.  The  most  characteristic  plants  occur  where  the  environment  is 
unfavourable,  nameh-  on  the  loose  shifting  sand  of  places  exposed  to  the 
full  violence  of  the  sea-wind.  The  oecological  character  of  the  vegetation 
on  shifting  sand  bj'  the  sea  has  been  already  described  -  in  a  general 
manner.      It  was  there  stated  that  the  first  settlers  are   chiefly  creeping 

'  See  p.  91.  "  See  pp.  179-84. 
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Fig.  210.  Pes-c.nprae  foimalion  in  West  Java.    Sandy  s»a-shore,  with  Ijiomoea  Pes  caprae.    The 
shiub  in  the  centre  is  Scaevola  Koenigii.     To  the  riglit;  Croton  sp.     From  a  photograph. 


To  face  f.  388.] 


I 


I 


I 


CiiAi'.  VI]     EDAl'IIIC  INFLUENCES  IX  Till':  TROPICS  3S9 

plants,  which   anchor  themselves  firml)'   b)-   means   of   adventitious   roots. 
The  most  \\idcl\-  spread  of  these  plants  is  Ipomoca  Pcs-caprae  (I.  biloba), 


Fig.  211.  Sandy  shore  with  shrubs  and  Pandamis  sp.  in  German  East  Africa.    From  a  photograph. 

which,  in   both   tlie   Xew  and   Old  Worlds,    is   rare)}'  absent  from   sandy 
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shores,  and  whose  rapidly  growing  shoots,  frequently  several  meters  long, 
generally  advance  nearest  to  the  sea  of  all  vegetation.  Fig.  309  shows  the 
typical  Pes-caprae  formation.  In  other  areas,  other  plants  of  a  similar 
habit  prevail,  so  that,  for  instance,  we  can  distinguish  a  Canavalia-formation 
— named  from  a  papilionaceous  genus,  several  species  of  which  are  dis- 
tributed on  the  eastern  Asiatic  shore — or  a  Spinifex-formation,  and  so 
forth.  Fig.  210  shows  how  the  Pes-caprae  formation  develops  in  more 
sheltered  places.  The  creeping  shoots  cover  the  ground  with  a  network 
that  is  only  here  and  there  interrupted  by  larger  gaps.     Some  other  plants 


tlG.  21  z.  Shtiib  forui.Tlion  on  the  sea-shore,  close  to  hiyh-iidc  mark,  near  Siingapure.  In  the 
main  Pandanus  sp.,  here  and  there  Scaevola  Koenigii  and  'J'hespesia  popuhiea.  From  a  photograph 
by  P.  Groom. 

have  taken  root  on  the  soil  that  has  become  firm,  in  particular  some 
grasses,  and  two  shrubby  species,  Scaevola  Koenigii  and  a  Croton,  are 
recognizable. 


In  still  more  sheltered  spots,  however,  on  less  shifting,  coarse  or  pebblj'  sand, 
shrubs  become  more  numerous,  and  little  trees,  in  the  Old  World  species  ot 
Pandanus,  are  added  (Figs.  211,  212J. 

In  Eastern  Asia  in  such  stations,  Pemphis  acidula  very  frequentlj'  occurs,  a  bushy 
lythraceous  shrub  with  small  succulent  leaves  bearing  silvery  grey  scales  ;  Clero- 
dendron  inerme,  a  somewhat  thornj-   shrub,  whose    long   branches   covered  with 


fiiAi.  VI]     I".l).\riIIC  INFLUENCES  IN  THE  TROPICS  391 

dark-green  succulent  leaves  arc  pendulous,  and  like  brambles  and  other  simple 
scramblers  form  tangled  thickets,  unless  thej-  (ind  a  support  ;  also  the  tropical 
cnsinopolitan  Scacvola  Koenigii  (Fig.  210),  belonging  to  the  Goodeniaceae,  a  family 
iitherwise  almost  confined  to  Australia,  is  one  of  the  most  remarkable  plants  of 
littoral  vegetation,  thanks  to  its  long  and  frequently  bent  shoots  which  interlace 
to  form  a  tangled  mass,  to  its  large  succulent  leaves,  and  to  its  large  panicles  of 
wonderfully  white  flowers  from  which  white-ribbed  stone  fruits  develop. 

In  such  stations  in  the  Malay  Archipelago,  and  probably  elsewhere  in  Eastern 
Asia,  shrubs  and  herbs  are  frequently  bound  together,  and  overgrown  by  a  dense 
tangle  of  the  green  and  red  thread-like  stems  of  Cassytha  filiformis. 

The  shrub.s  and  small  trees  which,  on  the  side  towards  the  sea,  stand 
apart,  become  more  closely  set  as  their  distance  above  high-tide  mark 
increases — immediatcK'  above  the  latter,  indeed,  in  quiet  creeks — so  as 
to  form  closed  woodland  that  assimies  the  character  of  forest,  bush,  or 
scrub. 

iii.    LITTORAL   WOODLAND  ABOVE  HIGH-TIDE  MARK. 

Woodland  formations  on  the  sandy  and  gravelly  shore  were  first 
described  b\'  Junghuhn  in  connexion  with  Java,  and  by  Kurz  in  connexion 
with  Pegu.  From  the  occurrence  of  manj'  of  their  characteristic  species 
over  a  great  portion  of  the  Old  World  the  wide  distribution  of  such  forma- 
tions may  be  surmised  ;  but  little  is  known  regarding  this.  Engler 
mentions  littoral  woodland  in  East  Africa,  where  however  it  does  not 
appear  to  cover  extensive  areas.  Nothing  is  known  about  its  possible 
occurrence  in  West  Africa,  and  I  cannot  remember  having  seen  anything 
like  it  in  tropical  America,  although  trees  like  Coccoloba  uvifera  are 
not  lacking  on  the  shore  outside  the  mangrove.  The  bush  on  sandy 
coasts  in  Brazil  termed  '  restinga '  appears  to  be  devoid  of  the  halophj-tic 
character. 

I  have  met  with  littoral  woodland,  in  particular  on  the  north  coast  of 
Java  (Fig.  213),  on  the  small  coral  islands  in  the  Java  Sea  and  on  the 
island  of  Singapore,  as  low  or  moderately  high  forest,  occasionally  inter- 
rupted by  scrub  or  by  scantily  clad  stretches  of  sand.  The  following 
description  I  wrote  on  the  spot,  in  a  forest  not  far  from  Priok  in  Java  ; 
but  it  applies  equally  well  to  the  other  littoral  forests  that  I  know: — 

'  When  once  we  have  broken  through  the  dense  tangle  of  branches,  that 
are  as  it  were  tied  together  by  the  red  and  green  threads  of  Cassytha, 
and  have  entered  the  interior  of  the  forest  (Fig.  214),  we  meet  with  a  scene 
radically  unlike  that  of  most  tropical  forests,  at  least  those  of  humid 
districts.  From  the  sandy  or  stony  soil,  which  is  bare  or  covered  by  only 
a  few  scattered  dead  leaves,  there  rise  up  tree-trunks  which  are  either 
naked,  or  decked  with  some  few  thick-leaved  epiph>-tes,  species  of  Ho)-a  and 
Dischidia  for  example,  and  small  crustaceous  lichens,  and  these  are  often 
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bound  together  by  a  confused  mass  of  delicate  climbing  plants.  Should 
the  trees  be  less  dense,  the  spaces  between  them  are  occupied  by  stubby 
underwood  in  which  young  trees  struggle  for  space  with  true  shrubs  and 
small  Pandani,  or  Crinum  asiaticum  forms  thickets  five  or  six  feet  high 
between  the  tree-trunks. 

'  The  leaves  of  these  plants  are  frequently  quite  large,  but  nevertheless 
they  exhibit  in  their  structure  the  effects  of  unfavourable  conditions  in 
reference  to  transpiration,  especially  in  the  outer  fringe  of  the  formation, 
where  the  soil  is  richest  in  salts.  The  foliage  of  the  larger  trees  is  either 
very  dense,  or,  as  with  so  many  denizens  of  dry  districts,  is  disposed 
umbrella-like  or  in  tiers  ;  the  leaves  are  thick  and  leather}'  (Calophyllum 


Fig.  213.   I.iUoral  formations.     In  the  background,  littoral  forest  of  B.irringtonia-formation. 
the  lagoon,  young  Rhizophora.     Java.     From  a  photograph  by  Warburg. 
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Inophyllum,  Terminalia  Catappa,  Barringtonia  speciosa),  or  succulent  and 
juicy  (Scaevola  Koenigii,  Pemphis  acidula,  Morinda  citrifolia,  Clcrodendron 
inerme,  Tournefortia  argentea,  Ximenia  americana),  frequentlj-  in  their 
younger  parts  densely  hairy  (Pemphis  acidula,  Sophora  tomentosa,  Tourne- 
fortia, Thespesia  populnea,  Heritiera  littoralis),  rarely  provided  with  a  coat- 
ing of  varnish  (Dodonaea  viscosa).  Casuarina  equisetifolia  reminds  one,  on 
a  larger  scale,  of  the  species  of  Tamarix  in  the  Mediterranean  region  ;  the 
finely  pinnate  species  of  Albizzia  and  Acacia,  the  bulbous  plants,  the 
narrow  and  hard-leaved  grass,  recall  dry  savannah  and  steppe. 

'  As  the  distance  from  the  sea  increases,  the  protective  measures  against 
transpiration  become  less  pronounced  ;    the  thick,  juicy  leaves   of  Clcro- 
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ckiiclron  incrmc,  Ximcnia  amcricana,  W'oIIastonia,  ami  oilier  plants  become 
like  oidinaiy  leaves;  many  marked  halopliytic  species,  such  as  Barring- 
tonia  speciosa,  Scaevola,  Wollastonia,  Tournefortia.  gradually  become 
scarcer,  whereas   inland   forms    become  somewhat  more  numerous.' 


Fig.  214.    Interior  of  a  liUoral  forest.     Pandamis  as  undcrHooil.     Island  of  Singapore. 
From  a  pliotograph  by  P.  Groom. 

I  have  observed  in  the  littoral  woodland  of  Java  and  of  the  neighbouring  small 
coral  islands  the  following  species  of  trees  :  Cycas  circinalis,  Pandanus  (several 
species),  Casuarina  equisetifolia,  Calophyllum  Inophyllum  (Guttiferae),  Cerbera 
Odollam  (Apocynaceac),  Hibiscus  tiliaceus  and  Thespesia  populnea  (Malvaceae), 
Terminalia  Catappa  (Combretaceae),  Hernandia  peltata  (Hernandiaceae),  Hcritiera 
littoralis  (Sterculiaceae),  various  Leguminosae  (Inocarpus  edulis,  species  of  Albizzia, 
Cynometra,  Erythrina,  Pcnganiia  glabra,  Sophora  tomentosa,  and  others).  The 
number  of  species  of  shrubs  is  tar  greater  ;  for  example,  Pandanus  (several  species), 
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Scaevola  Koenigii,  Cordia  subcordata,  Clerodendron  inerme,  Vitex  trifolia,  Premna 
integrifolia,  Pemphis  acidula,  Ximenia  americana,  Dodonaea  viscosa,  Allophylus 
sundanus,  Climacandra  obovata,  Colubrina  asiatica.  Suriana  maritima,  Morinda 
citrifolia,  Guettarda  speciosa,  Excoecaria  Agallocha. 

The  verj'  numerous  climbing  plants  are,  with  the  exception  of  Entada  scandens, 
all  thin-stemmed,  and  chiefly  Leguminosae  (such  as  Guilandina  Bonducella,  Derris 
uliginosa,  species  of  Canavalia),  also  Cassytha  filiformis  and  species  of  Ipomoea. 
The  small  sandy  interspaces  are  chiefly  occupied  by  grasses ;  other  components 
are  various  species  of  Papilionaceae  (Vigna,  Crotalaria  sp.),  some  inconspicuous 
Compositae  (Conj'za  indica,  Wollastonia  glabra  and  W.  biflora),  herbaceous  Euphor- 
biaceae  (Euphorbia  Atoto,  Phyllanthus  sp.,  Acalypha  indica),  Portulaca  oleracea 
and  P.  quadrifida,  and  tall,  large-flowered  bulbous  plants  (Tacca  pinnatifida,  Crinum 
asiaticum,  Pancratium  zeylanicum). 

Kurz  mentions  as  components  of  littoral  woodland  in  Burma  -Pongamia  glabra, 
Erythrina  indica,  Bombax  malabaricum,  Hibiscus  tiliaceus,  Cynometra  bijuga, 
Guettarda  speciosa,  Cycas  Rumphii,  Thespesia  populnea,  Scaevola  Koenigii,  Colu- 
brina asiatica,  Derris  sinuata,  Breynia  rhamnoides,  Caesalpinia  Bonduc,  Ipomoea 
Pes-caprae,  Iscliaemum  muticum.  Epiphj-tes  are  Polypodium  quercifolium,  species 
of  Hoj'a,  Dischidia,  and  some  orchids.  In  Tenasserim,  Casuarina  equisetifolia  may 
be  added. 

Various  trees  and  shrubs  of  the  littoral  woodland  are  among  the  commonest  and 
most  frequently  cultivated  plants,  such  as  Cj'cas  circinalis  and  C.  Rumphii,  various 
large  species  of  Pandanus,  Casuarina  equisetifolia,  Calophjdlum  Inophyllum,  Ter- 
minalia  Catappa,  Morinda  citrifolia.  Littoral  forest  is  also,  without  any  doubt,  the 
home  of  the  coconut  palm. 

The  littoral  forest  at  other  points  of  the  East  Asiatic  and  Australian 
coasts  has  probably  a  pliysiogiiomy  similar  as  regards  both  its  systematic 
composition  and  its  oecology.  There  are,  however,  considerable  de\'iations 
from  it.  Thus,  in  Burma,  according  to  Kurz,  it  belongs  to  the  periodically 
quite  leafless  woodland,  and  on  the  Bay  of  Bengal  pure  woods  of  Casua- 
rina equisetifolia  here  and  there  replace  the  mi.xed  forest. 

In  littoral  woodland  the  pro.ximity  to  the  sea  is  expressed,  not  merely 
b}^  marked  xerophilous  structure  —  which  characterizes  it  despite  the 
humidity  of  the  climate  and  the  abundance  of  water  in  the  soil — but  also 
by  the  fruits  or  seeds,  which  are,  as  a  rule,  provided  with  devices  to  enable 
them  to  float.  Most  of  the  characteristic  fruits  and  seeds  of  the  sea-drift, 
that  have  been  already  described  ',  come  from  trees  and  shrubs  of  the 
littoral  woods.  Thus,  for  instance,  Barringtonia  speciosa  (Fig.  213)  is  not 
only  characterized  by  its  large  leaves  and  splendid  flowers,  but,  oeco- 
logically  speaking,  much  more  so  by  its  pyramidal  fruits,  larger  than  the 
fist,  which  are  as  light  as  cork  and  have  a  pericarp  consisting  of  a  thick 
layer  of  floating-tissue.  A  similar  floating-tissue  is  concealed  under  a  green 
husk   in  the  large   egg-shaped    fruit   of  Cerbera    Odollam.  in   the  smaller 

'  See  p.  28. 


Figs.  215  and  216.  A  sea-scape  of  the  mangrove  of  the  Seychelles.     Rhizophora  mucronata. 
Above :  high  tide.     Below :  low  tide.     From  a  photograph  by  A.  Brauer. 
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almond-like  fruit  of  Tcniiinalia  Catappa,  under  the  tliick  juicy  mcsocarp  of 
Scaevola  Koenigii,  in  the  testa  of  Cycas  circinalis  and  of  Calophyllum 
Iiiophyllum.  Hcritiera  littoralis  possesses  boat-shaped,  carinate,  hard- 
-hclled  nuts,  which,  tiianks  to  a  large  internal  cavity,  arc  among  the  best 
floaters  ;  and  the  individual  fruits  of  the  huge  infructescencc  of  Pandanus, 
in  spite  of  their  beautiful  red  colour,  apparently  acquired  to  attract  animals, 
;ue  hard  and  almost  free  from  sap,  and  arc  chiefly  disseminated  b>-  marine 
currents,  as  is  shown  by  their  frequency  in  drift  cast  on  the  shore. 

The  capacity  for  floating  possessed  by  the  seeds  of  most  plants  of 
littoral  woodland,  and  shared  by  the  partly  identical  species  of  the  open 
iVamations,  has  occasioned  the  extremely  wide  distribution  of  the  plants 
of  these  groups  of  formations.  Species  from  the  mangroves,  which  will  be 
described  hereafter,  are  also  provided  witli  floating  fruits  or  floating  seeds. 
But  such  floating  fruits  and  seeds  appear  in  no  formation  in  such  perfection 
and  variety  as  in  littoral  woodland  above  high-tide  level. 


WOODLAND  FORMATIONS   BELOW  NIGH-TIDE  MARK. 


0 


Within  the  tropics,  as  in  higher  latitudes,  the  belt  of  shore  within  reach 
f  the  tide — '  the  beach  ' — is  quite  devoid  of  vegetation  on  sandy  or  clayey 
coasts  exposed  to  the  wind  and  breakers,  and  bears  only  Algae  on  rocky 
coasts  ;  on  the  other  hand,  in  creeks  and  lagoons,  where  the  movements  of 
the  sea  and  air  arc  weaker,  it  is  covered  by  woodland  that  is  sometimes 
more  shrub-like  or  bush-like,  sometimes  forest-like,  and  is  termed  mangrove 
or  tidal  woodland.  It  differs  from  all  inland-formations  as  regards  both 
its  flora  and  its  oecology. 

Like  the  littoral  woodland  above  high  tide,  mangrove  consists  mainly  of 
species  that  arc  very  widely  distributed.  Nevertheless,  two  extensive  areas 
may  be  sharply  distinguished  from  one  another — an  eastern,  which  extends 
from  East  Africa  over  Asia  into  Australia  and  Polynesia,  and  a  -western, 
which  embraces  the  West  African  and  American  coasts. 


The    Eastern    Mangrove. 

The  eastern  mangrove,  which  shows  its  greatest  wealth  of  forms  in 
Further  India  and  in  the  Malay  Archipelago  and  may  have  originated 
there,  consists,  with  the  exception  of  a  few  rare  species  that  doubtfully 
belong  to  mangrove,  of  the  following  forms : — 

Rhizoplwraceac :  Rhizophora  mucronata,  Lamk.,  R.  conjugata,  Linn., 
Ceriops  Candolleana,  Arn.,  C.  Roxburghiana,  Arn.,  Kandelia  Rheedii,  W. 
ct  A.,  Bruguiera  gymnorrhiza,  Lamk.,  B.  eriopetala,  W.  et  A.,  B.  caryo- 
phylloides,  Bl.,  B.  parviflora,  W.  et  A.  Combretaceae :  Lumnitzera 
lacemosa,  Willd.,  L.  coccinea,  W^  et  A.     Lythraccae :   Sonneratia  apetala, 
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Buch-Ham.,  S.  acida,  Linn.,  S.  alba,  Smith.  Mcliaccac :  Carapa  moluccensis, 
Lamk.,  C.  obovata,  Bl.  Myrsinaceae:  Aegiceras  majus,  Gaertn.  Riibiaccae: 
Sc>'pliiphora  hydrophyllacea,  Gaertn.  \'crbenaccae:  Avicennia  officinalis, 
Linn.,  and  var.  alba,  Bl.  (sp.).  Acantliaccac:  Acantluis  ilicifolius,  Linn. 
Palviae  :  Nipa  fruticans,  Thunb. 

Many  species  of  woody  littoral  plants  occur  at  times  on  dry  spots  in 
the  mangrove,  but  very  rarel\-  on  the  mud  (Heritiera  littoralis  in  Ceylon, 
according  to  Karsten). 

At  high  tide  one  looks  from  the  sea  on  to  bright  green  crowns  of  foliage, 
that  rise  out  of  the  sea  along  the  shore-line  (Fig.  215),  sometimes  crowded  | 
closely  together,  at  other  times  like  isolated  outposts.  At  low  tide,  as  far  asi 
the  mangrove  extends,  the  ground  is  no  longer  covered  by  the  sea,  and 
reveals  itself  as  a  bluish-black  mud.  from  which  the  trees  raise  themselves 
on  short  stems  that  are,  however,  supported  by  tall  stilt-like  roots  (Fig.  216). 
In  the  eastern  mangrove,  the  species  of  tree  which  forms  the  advanced  line' 
along  the  sea  and  which,  by  its  slow  forward  march,  causes  a  gradual 
elevation  of  the  coast,  is  Rhizophora  mucronata  (Figs.  215-217,  and 
227).  No  mangrove-tree  is  better  equipped  for  resisting  the  movements  of 
the  tide  on  the  soft  mud,  for  propagating  itself  under  these  difficult  con- 
ditions, and  for  recovering  from  the  frequently  quite  undiluted  salt^  sea- 
water  the  water  lost  in  transpiration.  The  scaffolding  of  bow-shaped 
stilt-roots  supporting  the  stem  represents  a  complete  system  of  anchors, 
which  is  strengthened  by  new  roots  growing  down  from  the  branches  to 
balance  the  growth  of  the  crown.  The  leaves  possess  a  marked  .xerophilous 
structure  (Fig.  17),  with  a  thick  cuticle,  large  mucilage-cells,  protected 
stomata,  and  especially  a  large-celled  thin-walled  aqueous  tissue,  the 
dimensions  of  which  increase  with  the  age  of  the  leaf  and  with  the  corre- 
sponding rise  in  the  amount  of  salt  contained.  Old  leaves  serve  essentially 
as  water-reservoirs  for  the  younger  leaves. 

The  mode  of  propagation  is  most  remarkable  in  Rhizophora  mucronata, 
which  in  this  respect  agrees  in  the  main  with  the  other  Rhizophoraceae 
living  in  the  mangroves  (Fig.  218).  The  fruit,  leathery  and  indehiscent  and 
about  the  size  of  a  hazel-nut,  soon  after  the  completion  of  its  growth  is 
pierced  at  its  summit  by  the  green  hypocotyl,  as  the  embryo  does  not 
undergo  any  period  of  rest,  but  continues  to  develop  without  interruption. 
The  hypocotyl  in  Rhizophora  mucronata  is  club-shaped  and  attains 
a  length  of  sixty  centimeters,  sometimes  even  more,  before  it  falls  down, 
leaving  behind  it  the  fused  cotyledons  which  served  as  absorbing-organs. 
As  its  lower  end  is  thicker,  the  seedling  falls  Vertically,  with  its  root-tip 
downwards  into  the  mud,  and  within  a  few  hours  develops  roots  that  fix 

'  The  statement  frequently  repeated  in  literature,  that  Rhizophora  does  not  occur  in 
pure  sea-water,  is  incorrect.  I  have  seen  R.  mucronata  thri^•ing  on  the  rocky  ground  of 
the  coral  islands  of  the  Java  Sea,  where  there  is  no  fresh  water. 
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it   firmly  ;    yet,  as  the  occuiTence    of  seedlings   in   the  drift   shows,   it  is 
often   carried  away  by  the  falling  tide  in  less  sheltered  spots.     Uprooted 


'^ 


Fig.  2iS.  Kandelia  Rheedii.  i.  Young  seedling  still  .idheling  to  the  fruit.  2.  Seedling  de- 
tached with  the  ])lumule  upw.irds.  3.  .Seedling  after  taking  root ;  only  the  base  of  a  shoot  bearing 
several  leaves.     Three-quarters  natural  size.     Drawn  from  nature  by  R.  Anheisser. 

seedlings  can  however  develop  further  in  suitable  situations,  because  their 
lower  part  is  positively  geotropic  and  their  upper  part  negatively  so.     In 
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IG.  219.    Bruguicra  parviflora.     Fruits  with  seedlings  in  various  stages  of  development,  but 
none  quile  ready  to  fall.     South  Javanese  mangrove.      Natural  size. 
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Fig.  213  numerous  young  plants  of  Rhizophora  mucronata,  in  various 
stages  of  development,  are  visible  in  a  shallow  pool,  evidently  of  quite 
recent  origin,  on  the  shore.  In  other  Rhizophoraceae  belonging  to  the 
mano-rove  the  seedlings  are  smaller  than  in  R.  mucronata  and  not  always 
markedly  club-shaped  (Figs.  218  and  219). 

Vivipary  is  also  exhibited  by  Aegiceras  majus  and  Avicennia  officinalis. 

The  seedlings  of  Aegi- 
ceras are  curved  like  horns, 
and  are  smaller  than  those 
of  the  Rhizophoraceae ; 
the)'  remain  enclosed  in 
the  thin  pericarp  of  the 
fruit.  Those  of  Avicennia 
which  fall,  sometimes  sur- 
rounded by  the  leathery 
pericarp  that  dehisces  sub- 
sequently, and  at  other 
times  without  it,  are  pro- 
vided with  a  bent  and 
densely  hairy  hypocotyl 
and  with  two  large  cotyle- 
dons. The  hairs  are  stiff 
and  curved  upwards,  and 
fix  the  seedling  to  the  mud. 
In  the  remaining  man- 
gro\e-plants  vi\ipary  does 
not  occur ;  but  the  seed- 
lings of  some  species,  in 
particular  those  of  Acan- 
thus ilicifolius  and,  in 
America,  of  Laguncularia 
racemosa,  are  always 
further  developed  than  is 
usual  in  inland  plants. 
On  proceeding  more  into  the  interior  of  the  mangrove  we  find  that  other 
woody  species  join  Rhizophora  mucronata  and  become  dominant  with 
increasing  distance  from  the  sea.  Bruguiera  gymnorrhiza  surpasses  all 
other  mangrove-trees  in  size  (Fig.  220).  Other  species  of  Bruguiera, 
Rhizophora  conjugata,  Ceriops  Candolleana  arid  Kandelia  Rheedii,  are 
smaller  trees  or  shrubs.  Sonneratia  acida  (Fig.  221),  which  often  forms 
pure  mangrove,  is  likewise  a  small  tree  ;  the  allied  and  similar  Sonneratia 
alba  prefers  stony  ground,  and  frequently  grows  by  itself  in  open  situations, 
outside  the   true   mangrove.      Avicennia    officinalis    also   frequently  forms 


Fig.  220.  Bruguiera  gymnorrhiza.    J.ivanese  mangrove.    From 
a  photograph  by  G.  Karsten. 
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extensive  bush)-  mangrove  (Fig.  222I,  in  which  the  grey  foliage,  often 
jbcdecked  with  briglit  yellow  inflorescences,  extends  nearly  to  the  ground. 
Aegiceras  majus  is  a  niotlcrately 
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Fig.  2.' I.   Sonnemtia  .aciil.T.     Jav.inese  m.mgrove. 
From  .T  photogn-ijjh  by  G.  Karsten. 


lall  shrub,  and  Acanthus  ilici- 
fiilius  a  thistle-like  herb. 

The  stilt-roots,  which  give 
Rhizophora  nuicronata  such  a 
peculiar  appearance,  occur  rela- 
tively strongly  developed  else- 
where only  in  the  herbaceous 
Acanthus.  In  Rhizophora  con- 
JLigata,  which  does  not  descend  so 
far  towards  the  sea  as  does  R. 
nuicronata,  they  are  more  weakly 
jdeveloped  than  in  R.  mucronata. 
jlntheothcr  niangrove-trccs  the\' 

ii'c  either  absent  or  only  slightly 
developed  (Fig.  225) ;  in  parti- 
cular, the  anchoring-roots  de- 
scending from  the  branches  are 

ranting. 
On  the  other  hand,  the  roots 

if    most     mangrove-trees     are 

haracterized  by  the  possession 

)f  highly    peculiar    pneumato- 

)hores    (Figs.    223,    324,    225). 

These    are    displayed    in    their 

implest  form  byCarapa  obovata 

Fig.  223,  3),  where  the  scrpen- 

iiie  creeping  roots  project  above 
ihe  mud  with  their  upper  edge, 
like  the  blade  of  a  thick  knife, 

;)ut  studded  with  lenticels.     In 

^arapa  molucccnsis  the  secon- 

!ary  growth  in  thickness  in  the 

ipper  part  is  irregular,  so  that 

he  root  terminates  in  finger-like 
growths.     In  the  species  of 

?ruguiera  (Figs.  223,  i  and  2  ; 

25),  the  horizontal  roots  here 

nd  there  bend  out  of  the  mud 

ito  knee-like  structures,  which 

1  Bruguiera  gymnorrhiza  bear  large  lenticels,  but  in  Bruguiera  caryophyl- 

ICHIMI'ER  J)      (^ 


Fig.  222.   Avicennia  officinalis  at  low  tide.    Javanese 
mangrove.     From  a  photograph  by  G.  Karsten. 


Fig.  223-  Pneumatophores  of  mangrove-trees.  Java.  i.  Bruguiera  can  ophyllaeoides.  2.  Br 
giiiera  gymnorrhiza.  3.  Carapa  obovata :  young  branch  of  root.  4.  Avicennia  officinalis  ;  negativei 
geolropic  root.     All  reduced. 


Chap.  VI]     EDAPHIC  INFLUENCES  IX  THE  TROPICS  403 


laeoides  i^radually  sited  their  cortex. 
A\iceiinia  (ifficinalis  (Figs.  223,  4  ; 
224),  tngethcrwith  the  two  American 
species,  Sonncratia  acida  and  S. 
alba,  Ceriops  Candolleana,  and  the 
American  combretaceous  Laguncu- 
laria  racemosa,  all  have  negatively 
geotropic  lateral  roots  protruding 
from  the  ground  like  asparagus; 
these  are  as  long  as  one's  finger, 
or,  in  Sonncratia,  one's  arm.  The 
species  of  Rhizophora  do  not 
possess  special  pneumatophores.yet 
the  upper  parts  of  their  stilt-roots 
that  are  above  the  mud  perform 
the  same  function. 

That  pncumatophores  supply 
subterranean  parts  of  the  trees  upon 
which  they  occur  with  oxygen  was 
proved  b\'  G.  Karstcn  and  Greshoff. 
as  has  been  already  explained^.  All 
these  structures  are  accordingl}- 
provided  with  devices  for  absorbing 
ox)-gen  (lenticels,  sto- 
mata,  thin  cork)  and 
fir  transporting  it  (in- 
tercellular passages  in 
the  primary  cortex  or 
bast). 

By  means  of  a  sketch 
written  on  the  spot,  I 
have  attempted  in  the 
following  paragraphs 
to  give  a  description 
•f  the  physiognomy 
iif  the  mangrove  in 
Java  • — 

•  The  lagoon-like  bay 
ill  South  Java  known 
as  the  '' Kindersee"  is 
separated  on  the  south 
from    the    Indian    Ocean 


Fig.  224.    Aviceiinia  officinalis.     Pnenmatophoies. 
Mangrove,  Java.     Half  natural  size. 


Fig   '2:;,    Bruguiera  gvmnorrhiza  wiih  knoc-rool^.     Mangrove,  low 
tide,  South  Liu-ki'u.     From  a  photograph  by  O.  W  arburg. 

^  See  p.  73. 
D  d  2 
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by  the  hilly  island  of  Noesa-Kambangan,  but  otherwise  enclosed  by  the  shores  of 
the  main  island,  here  quite  flat.  Several  rivers  pour  their  sluggish  waters  into 
it,  and,  as  they  lie  low,  they  feel  the  influence  of  the  tides  even  at  a  great  dis- 
tance from  their  mouths.  Most  of  them  subdivide  into  several  arms.  The  deltas 
they  enclose  are  under  water  at  high  tide,  but  a  little  above  water-level  at  low  tide. 
A  better  substratum  for  the  development  of  mangrove  could  hardly  e.xist,  and 
it  is  accordingly  developed  with  rare  luxuriance. 

'  When  travelling  in  a  canoe  along  the  banks  of  the  creek,  or  along  one  of  the 
numerous  arms  of  the  riv-ers,  one  does  not  alwaj's  observe  the  same  landscape. 
On  exposed  shelving  coasts,  Rhizophora  mucronata  is  almost  alone  capable  of 
resisting  the  violence  of  the  waves  or  of  propagating  itself  in  the  troubled  water; 
but  here  on  these  flat  shores,  where  breakers  are  unknown,  the  conditions  of 
existence  are  far  more  nearly  equally  favourable  to  the  various  species  of  plants, 
so  that  sometimes  one,  at  other  times  another,  species  gains  the  victor}'  in  the 
struggle  for  space.  Sometimes  the  shore  is  occupied  by  a  dense  belt  of  Rhizo- 
phorae;  sometimes  one  passes  bj^  a  little  forest  of  silver-grey,  willow-like  Avicennia 
officinalis,  var.  alba;  at  still  other  points  the  dull  green  foliage  of  Sonneratia  acida 
predominates,  or  the  outposts  are  held  b}'  a  narrow  hedge  of  Nipa  fruticans.  Here 
and  there  occurs  the  remarkable  spectacle  of  a  Carapa  obovata,  whose  brownish- 
yellow  fruits,  as  large  as  one's  head,  peep  from  the  small  crown  of  the  tree,  or 
one  sees  a  bush  of  Aegiceras  majus  covered  with  snow-white  flowers  and  curved 
horn-shaped  fruits.  The  two  species  of  Bruguiera  (B.  gj-mnorrhiza  and  B.  parvi- 
folia)  that  grow  here  are  less  frequent  on  the  margin  of  the  mangrove  in  contrast 
with  their  abundance  in  its  interior,  where  the  crowns  of  B.  gjminorrhiza  tower 
above  the  other  trees,  whilst  the  much  smaller  B.  parviflora  with  inconspicuous 
blossom  is  less  noticeable. 

'  At  low  tide  one  can  see  the  confused  crowd  of  the  stilt-roots  of  Rhizophora, 
or  the  crop  of  asparagus-like  rootlets  of  Avicennia  and  Sonneratia,  with  their 
population  of  fishes  and  crabs.  I  have  nowhere  else  seen  the  knee-roots  of  Bruguiera 
gj'mnorrhiza  in  such  numbers  and  dimensions.  At  other  points  the  sharply  keeled 
roots  of  Carapa  obovata  creep  with  manifold  bends  over  the  surface  of  the  mud. 

'At  high  tide  the  whole  complex  of  roots  is  invisible;  even  the  lowest  leaves  of 
Rhizophora  and  of  Sonneratia  remain  for  some  time  submerged.  From  my 
canoe  I  could  see  young  plants  of  Rhizophora  mucronata  in  the  deep  water. 

'  Epiphytes  are  very  scarce  in  the  mangrove,  and  at  its  outer  edge  are  entirely 
wanting  on  Rhizophora  mucronata.  Apparentlj-  the  salty  surface  does  not  suit 
them,  as  it  renders  the  substratum,  that  is  already  poor  in  water,  still  drier 
physiologicall}'.  Only  in  long  creeks  and  in  the  interior  of  extensive  mangroveS; 
where  the  wind  does  not  blow  salt  spray  on  to  the  branches,  do  epiphytic  species. 
like  Platycerium  grande  and  P.  alcicorne,  also  on  the  "  Kindersee "  Hydnophjtum 
montanum,  become  more  numerous.  Small  lichens  however  always  occur,  but  no 
mosses ;  mosses  are  very  halophobous  plants.' 

An  account  of  the  Algae  that  cover  the  roots  of  the  trees  will  be  given  in  the 
chapter  on  aquatic  plants  (p.  791). 

In  tropical  East  Asia  and  Australia,  lagoons  more  distant  from  the  sea, 
where  however  the  soil  is  still  subject  to  tidal  influence,  but  is  less  saline. 


I 


Fig.  226.  Cocos  nucifera,  Nipa  fiuticans.  Hibiscus  tiliaceus  [to  the  right}  on  a  marine  lagoon 
at  Singapore.     From  a  photograph. 


4o6 


ZONES  AND  REGIONS 


[Pt.  Ill,  Sect.  I 


are  largely  fringed  with  a  short-stemmed  palm,  Nipa  fruticans  (Figs.  226 
and  227),  which  occa.sionally,  for  instance  in  Sumatra,  alone  covers  exten- 
sive tracts.  This  variety  of  mangrove  is  best  distinguished  from  the  true 
mangrove  formation  as  Nipa-formatioii.  Rhizophoraceae  hardly  ever  occur 
in  the  Nipa-formation,  but  a  few  other  mangrove  trees,  such  as  Avicennia 
officinalis,  Sonneratia  acida,  sometimes  appear,  and  very  frequently  the  fern 
Chrysodium  aureum. 

Behind  the  mangrove  and  Nipa-formation,  the  land,  becoming  gradually 
drier  and  being  free  from  regular  inundation  by  the  tide,  shows  an  increas- 


FiG.  227.  From  the  Javanese  mangrove.     In  front:  Rhizophoia  mucronata,  bearing  seedlings.     In 
the  backgrouncl  :   Nipa  fruticans  i_Nipa-forniation).     From  a  photograph  by  G.  Karsten. 

ing    number   of   species   belonging  to   drier  saline  soil,   Hibiscus  tiliaceus 
mixed  with  Chrysodium  aureum  being  specially  abundant  (Fig.  228). 

The    Western    Mangrove. 

The  western  mangrove  greatly  resembles  the  eastern  in  its  oecological 
character,  but  is  much  poorer  in  species  and  much  less  richlj-  differentiated 
It  contains  four  species  only : — 

Rhizophoraceae:    Rhizophora  Mangle,   Linn.      Conibrctaccac :    Laguncu 
laria   racemosa,    Gartn.       Verbcnaceae:    Avicennia  tomentosa,    Jacq.,    and 
A.  nitida,  Jacq. 

The  West  African  mangrove  appears  to  be  without  Avicennia  tomentosa. 
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Rhizophora  Mangle  (Figs.  229,  230),  like  R.  mucronata  in  the  eastern  man- 
grove, occupies  the  outer  edge  of  the  formation,  whilst  Laguncularia 
raccmosa  appears  particularly  at  the  inner  boundarj-  ami  there  frequently 
forms  pure  mangrove.  The  Aviccnniae  assume  an  intermediate  position. 
Just  as  in  the  eastern  mangrove,  so  in  the  western,  on  drier  islets  a  few 
additional  species  of  plants  occur  which  become  dominant  in  formations 
transitional  to  inland  formations,  and  include  tropical  cosmopolitan  species, 
such  as  Hibiscus  tiliaceus  and  Chrysotlium  aurcuni,  but  also  some  purely 


Fig.  22S.  Mangrove  in  Samoa.  Inner  margin  on  a  less  saline  and  less  wet  soil.  On  both  banks  : 
Chrysodium  aureuni.  To  the  right:  Hibiscns  tiliaceus,?).  In  the  background:  Cocos  nucifera. 
From  a  photograph. 

western  species,  such  as  the  combretaceous  Conocarpus  erectus.  Epiphytes 
are  scarce  in  the  western  as  in  the  eastern  mangrove,  and  are  usually  con- 
fined to  a  few  Bromeliaceae  and  lichens. 


V.    DISTRIBUTION  OF  LITTORAL   FORMATIO.XS  I.\   THE   TROPICS. 

Open  littoral  formations  occur  throughout  the  tropics,  and  in  districts 
with  a  small  rainfall  they  are  almost  the  only  ones.  The  close  woodland 
above  high-tide  mark  and  the  mangrove  growing  within  reach  of  the  tide 
are  luxuriantl\-  developed  only  in  districts  with  abundant  rain ;  and  as  the 
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atmospheric  precipitations  decrease  they  become  lower  in  stature,  less  close, 
and  poorer  in  species.  Besides  this,  littoral  woodland  is  exclusively  tropical, 
or  is  represented  in  temperate  zones  only  by  a  few  tropical  emigrants  of 
stunted  form,  whereas  the  open  formations  agree  oecologically  with  those 
of  higher  latitudes. 

Up   to  the  present  time   the  distribution  of  mangrove  alone  has   been 
studied  in  detail.     Within  the  tropics  its  distribution  nearly  agrees  with 

that  of  rain-forest. 
The  mangrove  is 
absent  or  poorly 
developed  on 
coasts  the  inland 
vegetation  of 
which  possesses  a 
xerophilous  char- 
acter, except  where, 
as  at  the  mouth  of 
the  I ndus  and  other 
large  rivers,  there 
is  a  considerable 
addition  of  fresh 
water  to  the  sea- 
water.  This  cor- 
relation, in  spite  of 
the  continuously 
very  wet  condition 
of  the  substratum, 
is  quite  compre- 
hensible when  the 
distinction  is  re- 
called between 
physical  and 
physiological  dry- 
ness. Sea- water  is 
physiologically 
dry^,  so  that  plants 
that  meet  their  demands  for  water  from  it  are  exposed  to  the  danger  of 
excessive  transpiration,  and  consequently  climatic  factors  counteracting 
transpiration  must  necessarily  favour  the  development  and  spread  of 
mangroves.  The  air  in  districts  near  the  sea,  even  with  scanty  rainfall, 
is  probably  as  humid  as  in  those  with  abundant  rain ;  on  the  other 
h?.nd,  cloudiness,  which  reduces  the  heating  of  the  foliage  due  to  insola- 

'  See  p.  4. 
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tiG.  229.  Mangrove  in  yiorida.     View  from  exterior.     Khizophora 
ilangle.     From  'Garden  and  Forest.' 
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lion,  and  consequcntl}-  tlic  transpiration,  is  much  more  considerable 
and  more  regular  in  liumid  sea-districts  than  in  those  with  sh'ght  rain- 
fall. Ucnsc  and  tVequently  repeated  cloitdiiicss  apparently  nprcscnts  the 
most  essential  climatic  condition  for  tlie  occurrence  of  mangrove  in  the 
tropics. 

Bej-ond  the  tropics  the  limits  of  the  formation  as  a  whole,  and  those 
of  its  individual  members,  are  chiefly  determined  by  temperature : — 

The  North-East  limit  of  the  Eastern  Mangrove  as  a  closed  formation, 
according    to   \\'arburg's    observations,   apparently  lies   in   South    Liu-kiu 


Fig.  230.    Mangrove  in  Floiid.i.     Interior  view.     Rliizophora  Mangle.     From  '  UanJen  .ind  torcst.' 

(Iriomotte,  25°  N.)  ;  Warburg  has  not  seen  tall  mangrove  further  North. 
Even  there  it  is  ahead}-  impoverished  and  consists  of  only  four  species  (Bru- 
guiera  gymnorrhiza.  Rliizophora  mucronata,  Sonneratia  acida,  ?  Avicennia 
officinalis) ;  in  the  form  of  isolated  individuals.  Rhizophora  mucronata  still 
appears  in  South  Japan  (Kagoshima,  32"  N.)  as  the  most  northerly  repre- 
sentative of  the  Eastern  Mangrove  flora.  In  a  South-East  direction  the 
mangrove  continues  to  the  tropic  of  Capricorn  in  undiminished  luxuriance, 
but  becomes  lower  in  stature  and  poorer  in  species  on  the  coast  of  New  South 
Wales  (Avicennia  officinalis,  Aegiceras).  Bushes  of  Avicennia  occur  even 
in  New  Zealand  and  as  far  as  Chatham  Island  (,44°  S.).  The  North- West 
limit  of  the  mixed  mangrove  lies  at  the  mouth  of  the  Indus  ;  beyond  this 


to 
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Avicennia  officinalis  alone  reveals  itself  at  a  few  isolated  stations  north 
as  far  as  Sinai.  In  the  South-West  direction  it  continues  as  a  mixed 
formation  to  30°  S.  in  Natal. 

The  Westerfi  Mangrove  extends  in  a  North-East  direction  as  far  as 
Bermuda  (32°  N.),  but  on  the  American  continent  only  to  South  Florida 
(27°-28°  N.).  I  have  observed  it  to  the  South-East  even  on  the  island  of 
Santa  Catharina  (27°  S.),  growing  as  luxuriant  mixed  bush.  The  North- 
West  limit,  according  to  Drude's  Atlas,  occurs  in  South  California.  The 
South-West  limit  is  at  4°  S.,  for  the  dryness  of  the  climate  precludes  its 
further  extension  southwards. 

at 
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SECTION    II.     THE   TEMPERATE  ZONES 

CHAPTER  I 

GENERAL  CHARACTERISTICS  OF  THE  TEM- 
PERATE CLIMATE  AND  ITS  EFFECTS  ON 
VEGETATION    AND    FLORA 

1.  General  Characteristics  of  the  Temperate  Climate,  i.  Heaf.  Great  differences 
of  temperature.  Maritime  climate  and  continental  climate.  Isotherms  of  January  and 
July.  Diurnal  oscillations,  ii.  Light.  Zone-like  differentiation  of  light.  Absorption  and 
diffusion  of  light  in  different  latitudes,  iii.  Atinosphcric  Precipitatioin.  Periodicity 
and  amount  of  precipitation.  Significance  in  relation  to  the  soil.  2.  Some  General 
Effects  of  the  Temperate  Climate  on  Plant-life.  i.  Effects  of  Heat.  Its  fundamental 
significance.  Temperatures  below  freezing-point.  Zone  with  a  mild  winter  and  zone  with 
a  cold  winter.  Distribution  of  species.  Mesothermic  plants.  Lack  of  uniformity  of  the 
oecological  optimum  temperature,  ii.  Effects  of  Light.  Amount  and  intensity  of  light. 
Fixed  lie  of  leaves  in  relation  to  light.  Diffuse  light  in  temperate  zones,  iii.  Effects 
of  Atmospheric  Precipitations.  Smaller  significance  ^^■hen  compared  with  the  tropics. 
3.  Character  of  the  Flora  of  Temperate  Zones.  General  survey  of  the  mesothermic 
forms. 

I.   GENERAL   CHARACTERISTICS    OF   THE 
TEMPERATE   CLIMATE. 

[i.    HEAT. 

The  zones  between  the  tropical  and  the  polar  zones  deserve  the 
appellation  temperate  solely  on  account  of  their  mean  temperature.  From 
the  point  of  view  of  the  difference  between  the  temperatures  of  winter 
and  summer  they  should  rather  be  termed  excessive.  This  is  specially 
true  of  the  north  temperate  zone.  '  Between  the  tropic  of  Cancer  and 
the  polar  circle  there  is  represented  almost  the  entire  range  of  temperature, 
within  which  the  temperature  of  the  air  on  the  earth's  surface  ever 
fluctuates.  In  Central  East  Asia  the  mean  temperature  in  January  sinks 
almost  every  year  to  —  40°  C.  and  even  lower,  whilst  the  temperature  in 
July  rises  to  35°  C.  in  the  Punjab,  Mesopotamia,  probably  also  in  Arabia, 
North  Africa,  and  in  Arizona  and  South  California.  At  the  same  time 
the  ab.solute  extremes  of  temperature  of  these  countries  lie  between  —  70° 
and  +  50°  and  even  more.  As  regards  oscillations  of  temperature  also, 
the  variability  in  temperature  from  one  day  to  another  reaches  its  highest 
in  the  north  temperate  zone  ;  in  it,  districts  with  the  greatest  variability 
of  temperature  occur  ^.' 

'  Hann,  op.  cit.,  Ill,  p.  3.  . 
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Proximity  to  tlic  sea  generally  operates  as  a  moderating  influence  on 
climate.  A  mild  climate  may  accordingly  be  described  as  a  niaritiinc 
climate,  an  excessive  climate  as  a  continental  climate.  Besides  the  property 
possessed  by  masses  of  water  of  heating  up  or  cooling  down  more  slowly 
than  solid  land,  the  effects  of  ocean  currents  play  an  important  part  on 
the  climate  of  littoral  districts  and  islands.  The  western  parts  of  the  15riti.sh 
Isles  and  the  west  coast  of  Norway  owe  to  the  Gulf  Stream  their  high 
\\inter  temperature,  that  is  so  remarkable  considering  their  high  latitudes  ; 
and  the  east  coast  of  North  America  is  for  similar  reasons  warmer  than 
its  \\est  coast.  The  following  table  gives  the  mean  temperature  for  a  .series 
o'i  climates : — 


ME.\N  TEMPER.A.TURES  (CENTIGRADE)  IN   DIFFERENT  CLIM.VTES. 
Stations  I  to  6  Temperate  ;  7-S  Semi-temperate  :  9-12  E.xtreme.     After  O.  Peschcl. 


Station. 

Latitude. 

Altitude. 

Year. 

January. 

July. 

Differ- 
ence. 

1     I.  Hokitika  (New  Zealand) 

42°  42'  S. 

3  m. 

II-6 

1 5-7 

7-2 

8-5 

2.  Falkland  Islands  .     .     . 

5i°4i'S. 

— 

6-1 

9-8' 

2.5 

l-l 

i     3.  Hobart  Town  (Tasmania) 

42°S2'S. 

10  m. 

I3-I 

17-3 

8-8 

8.5 

4.  Dublin 

53°  22' N. 

48  m. 

9-5 

4-7 

1 5-4 

107 

5.  Sitka 

57°    3'N. 

— 

5-7 

-  I<5 

12-5'' 

13-5 

6.  Reykjavik 

64°    8'N. 

— 

3-3 

-2-5' 

I2-I 

14-6 

7.  Dresden 

51°    3'N. 

128  m. 

9-2 

-0.3 

19-2 

19.5 

8.  Buda 

47°  30'N. 

lS3m. 

10-7 

-1-4 

22-3 

23-7 

9.  Astrakhan 

46°  2I'N. 

-  20  m. 

9.4 

-7-1 

25-5 

32-6 

10.  Irkutsk 

S2°I7'N. 

460  m. 

-O-I 

-  20-S 

i8-8 

39-3 

II.  Yakutsk 

62°    I'N. 

160  m. 

-  II-2 

-42.8 

1 8-8 

6i-6 

12.  Verkhoyansk    .... 

67°34'N. 

50  m. 

-16.7 

-49-0 

15.4 

64-4 

Annual  fluctuations  of  temperature  are  much  smaller  in  the  .^outh 
temperate  zone  than  in  the  north  ;  only  the  diurnal  oscillations  in  the 
south  temperate  zone  are  as  great  or  greater  at  certain  places,  for 
instance  in  the  interior  of  South  Africa  and  of  Australia. 

On  the  whole,  the  temperature  of  the  atmosphere  diminishes  with 
increasing  distance  from  the  tropics,  but  in  a  most  irregular  manner, 
so  that  isotherms  in  the  temperate  zones  exhibit  much  greater  curvatures 
than  within  the  tropics  (see  Map  IV) : — 


'  February. 


'  August. 


I 
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For  example,  the  isotherm  for  January  of  0°  C.  has  its  most  northerly  point  in 
America,  to  the  north  of  Sitka,  at  about  58°;  eastwards  it  falls  rapidly  down  to 
St.  Louis,  its  most  southerly  American  point,  at  38°  5',  runs  with  a  slight  ascent 
to  Washington  at  39",  to  Philadelphia  at  40  ,  ascends  considerably  in  the  Atlantic 
Ocean,  reaches  the  south  coast  of  Iceland  at  about  63°  30',  exceeds  70"  on  the 
west  coast  of  Norway  and  there  reaches  its  most  northerly  point,  then  runs 
directly  southwards  along  the  west  coast  of  Denmark,  across  Central  Europe 
(Wilhelmshaven,  Bamberg,  Munich),  then  bends  towards  the  east,  passes  south 
of  Sofia  at  about  42°,  its  most  southerly  point  in  Europe,  then  continues,  with 
weaker  undulations,  in  the  easterly  direction,  reaching  its  most  southerly  point 
about  32°,  in  Central  China,  where  it  is  38°  south  of  its  most  northerly  point, 
then  it  gradually  ascends,  traverses  South  Korea,  and  reaches  its  most  northerly 
Asiatic  point  in  the  northern  part  of  Nippon  at  about  38°,  which  lies  therefore 
only  about  6°  above  its  most  southerly  point  and  considerably  more  to  the  south 
than  on  the  west  coasts  of  America  and  Europe. 

In  the  southern  hemisphere,  north  of  the  Antarctic  circle,  only  a  part  of  Tierra 
del  Fuego  and  a  few  insignificant  groups  of  islands,  for  instance  South  Georgia, 
have  a  July  temperature  of  o'  C.  or  less. 

The  July  isotherm  of  20°  C.  is  the  most  uneven  in  tlie  northern  hemisphere, 
though  without  executing  such  sharp  curvatures  as  the  isotherm  of  o'C.  It 
reaches  its  most  southern  point  on  land  in  California  at  31°  (descending  much 
more  to  the  south  on  the  ocean),  ascends  almost  due  northwards  up  to  about  55° 
in  the  north-west,  tiien  proceeds  westwards  with  repeated  undulations  through 
Canada  (Winnipeg  50",  Quebec),  through  Boston  at  about  42°  20',  crosses  the 
Atlantic  Ocean  somewhat  north  of  40°,  aligns  the  north  coast  of  Spain  (about  44°), 
the  west  coast  of  France  (Bordeaux),  bends  eastwards  through  Paris  to  Moscow, 
then  straight  through  Siberia,  ascending  in  East  Siberia  to  Yakutsk  (about  62°), 
its  absolutely  northernmost  point,  where  it  is  31°  north  of  its  southernmost  point, 
then  falls  on  the  coast  of  China  to  south  of  40°,  its  most  southerly  Asiatic  point, 
and  reaches  the  south  point  of  the  island  of  Jesso. 

In  the  southern  hemisphere,  the  Januarj'  isotherm  of  20"  reaches  the  west 
coast  of  America  at  about  20°,  that  is  to  say  within  the  tropics,  its  northernmost 
point ;  it  falls  along  the  Andes  to  South  Argentina,  runs  southwards  along  the 
west  coast  of  Africa  from  the  tropic  of  Capricorn  to  the  Cape  of  Good  Hope, 
then  eastwards,  without  reaching  Natal,  to  tlie  south  coast  of  Australia,  to  which 
it  nearly  entirely  clings,  and  passes  through  the  north  of  New  Zealand. 

The  diurnal  oscillations  of  atmospheric  temperature  are  usually  greater 
in  temperate  zones  than  in  the  tropics.  The_v  attain  their  maximum 
in  deserts.  Thus  G.  Rohlfs  read  -  0-5°  C.  on  his  thermometer  in  the 
morning  of  the  25th  of  December,  1878,  at  Bir  Milrha,  south  of  Tripoli, 
and  in  the  afternoon  of  the  same  day  +37-2°  C  The  diurnal  fluctuations 
mainly  depend  on  the  radiation  of  heat — that  'of  the  sun  by  day,  that 
of  the  earth  by  night^and  are  accordingly  much  greater  with  a  clear 
than  a  cloudy  sky.     In  the  former  case,  particularly  in  dry  districts,  they 

'  Peschel,  Physikalische  Erdkunde,  Leipzig,  1881,  II,  p.  174. 
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apparently  have  a  considerable  bearing  on  the  processes  of  vegetation  ;  but 
observations  on  this  question  arc  not  available. 

ii.    LIGHT. 

As  the  non-calorific  rays  of  the  sun's  energy  can  act  on  vegetation 
exclusively  by  radiation,  the  zones  denoting  the  distribution  of  light — 
:oiits  of  /ig/it-cliiitatt\  in  contrast  to  those  denoting  the  distribution  of 
heat,  ::oiics  of  tcvipcraturc-cliiiiate — are  parallel  with  the  equator  :  under 
the  heading  of  light  may  be  included  the  ultra-violet  rays,  so  far  as  they 
act  upon  the  plant.  The  total  intensity  of  light  diminishes  uniformly 
towards  the  poles,  but  the  length  of  the  da)-  during  the  greatest  part 
of  the  vegetative  season  increases  in  the  same  direction — the  illumination 
during  the  winter  sleep  is  without  significance. 

DURATION  OF  DAYLIGHT  IX   DIFFERENT  LATITUDES. 


Latilufle. 

Lengt 

1  of  longest  day. 

Length  of  shortest  c 

30° 

13 

Iirs.  56  mill. 

10  hrs.    4  mill 

40° 

14 

.,     51     ,, 

9    "      9    ,. 

50' 

16 

,,      9     >, 

7    ,-    51     " 

60" 

18 

.,    30    „ 

5     -,    30     .. 

ee-s" 

24 

..                        'T 

0    „      0     „ 

Owing  to  the  greater  length  of  the  da>-  the  insolation  of  a  point 
in  the  temperate  zones  during  a  summer  da\-  would  be  much  stronger 
than  that  of  a  point  at  the  equator  if  absorption  by  the  atmosphere  did 
not  likewise  increase  towards  the  poles.  With  the  sun  in  the  zenith, 
the  atmosphere  allows  Si  %  of  the  luminous  rays,  75%  of  the  heat  raj-s, 
40°/^  of  the  chemical  raj-s  to  pass;  with  increasing  distance  from  the 
zenith,  the  absorption  will  naturally  become  proportionately  greater. 

Whilst  absorption  of  the  sun's  raj's  increases  with  the  distance  from 
the  equator,  this  is  compensated  to  a  certain  extent  by  the  increase  of 
diffuse  light  that  pari  passu  takes  place,  so  that  the  sum  total  of  luminous 
energy  falling  on  a  point  in  the  temperate  zones  in  summer  remains 
greater  than  that  at  the  same  time  at  the  equator.  Chcmual  radiation, 
on  the  other  hand,  in  consequence  of  its  stronger  absorption  becomes 
considerably  weakened.  Hence  with  equal  surfaces  a  plant  of  the  temperate 
zone  during  the  vegetative  season  receives  more  luminous  but  less  chemical 
energy  than  one  in  the  tropics. 

iii.     ATMOSPHERIC  PRECIPITATIONS. 

The  alternation  of  dry  and  wet  seasons   that   is  almost  general,  if  not 

everywhere   equally   pronounced,  within   the  tropics,  is    continued   beyond 

them  up  to  nearly  40°  N.  and  S.  latitudes.     In  higher  latitudes,  districts 

with   precipitation   at    all   seasons   of  the  }-ear    predominate,   for    instance 
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the  "reater  part  of  Europe,  West  Siberia,  Eastern  North  America,  South 
ChiH,  Japan,  Kamchatka,  New  Zealand  ;  yet  within  the  same  latitudes 
there  are  extensive  districts  with  marked  periodicity  of  atmospheric  pre- 
cipitation, for  instance  Central  and  East  Asia  and  Western  North  America. 

The  amount  of  precipitation  in  the  temperate  zones  attains  that  in  the 
rainiest  tropical  points  at  only  a  few  places.  Among  districts  of  any 
considerable  extent  which  have  more  than  two  meters  annually  there  are 
Assam,  a  small  part  of  the  north-west  coast  of  America,  South  Chili,  a  part 
of  Western  New  Zealand  ;  but  besides  these  there  are  only  a  (ew  isolated 
points,  in  particular  in  the  Himalayas,  also  in  the  Alps,  in  Norway,  and 
Great  Britain.  Equal  amounts  of  rainfall,  however,  in  the  temperate 
zones,  wet  the  soil  more  thoroughly  than  in  the  tropics,  as  they  are  on 
the  average  spread  over  far  longer  periods  of  time  and  therefore  flow 
off  to  a  smaller  extent. 

Of  great  importance  in  the  cold  temperate  zone  is  the  winter  snow, 
the  water  melting  from  which  is  mostly  acquired  by  the  soil. 

The  formation  of  dew  is  generally  weaker  in  the  temperate  zones 
than  in  the  tropics  ;  fogs  are  characteristic  of  humid  and  cool  districts, 
near  the  sea  in  particular. 


2.   SOME   GENERAL   EFFECTS    OF   THE   TEMPERATE 
CLIMATE   ON    PLANT-LIFE. 

i.   EFFECTS  OF  HEAT. 

Heat,  though  it  universally  determines  the  very  existence  of  plants, 
seems  to  lie  concealed  in  the  tropics  owing  to  its  uniformity,  and,  compared 
with  atmospheric  precipitations,  does  not  essentially  affect  the  differences 
in  vegetation  either  in  space  or  time  ;  in  the  temperate  zones,  on  the 
other  hand,  differences  in  temperature  assume  both  in  space  and  time 
a  considerable  importance,  that  rapidly  increases  towards  the  poles,  and 
finally  far  exceeds  that  of  atmospheric  precipitations. 

Of  special  significance  in  relation  to  plant-life  are  temperatures  slightly 
below  zero,  those  in  fact  that  correspond  to  the  freezing-points  of  the  sap, 
which  last,  according  to  its  concentration,  freezes  at  temperatures  varying 
from  a  fraction  of  a  degree  to  two  to  three  degrees  Centigrade  below  the 
freezing-point  of  pure  water.  In__th£_ca«:  of  n«By-pJants,  freezing  causes 
dsat]iJrom-e©ld.4_others_are_not^  indeedJdlled_bj;^_the^old;_butjii^mim'^ 
or  killed  by  the  reduced  absorption  of  water  owing  to  the  cooling  of  the 
so!l,^eveiOCaIIeinEH^^e  only  slightly  belovv'zerb.  In  Central  Europe, 
f6r  both  of  the  reasons  given  above,  the  earliest  frosts  exert  a  destructive 
influence  with  which  we  are  sufficiently  familiar  ;  yet  they  are  less 
disastrous    than    exceptional    frosts    occurring    in    lower    latitiides,   where 
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a  slight  frost  at  night  is  more  fateful  to  vegetation  than  are  long  and 
severe  periods  of  winter  cold  occurring  in  districts  accustomed  to  annually 
recurrent  low  temperatures.  Species  of  plants  that  arc  killed  or  seriously 
injured  b\"  air-temperatures  of  0°  to  ;^°  C.  arc  far  more  numerous  than 
arc  those  which  withstand  —  3^  C,  but  not  lower  temperatures  occurring  in 
nature. 

One  may  reasonably  assume  that  near  the  tropics  it  is  the  winter 
temperatures  which  are  extremely  important  in  relation  to  plant-life  in 
the  temperate  zones,  but  that  at  a  greater  distance  from  the  tropics  it 
is  the  summer  temperatures  which  are  important ;  so  that,  for  instance,  the 
difference  in  plant-life  between  Southern  and  Central  Europe  must  depend 
chiefly  on  the  winter  temperature,  that  between  Central  and  Northern 
lunope  on  the  summer  temperature.  This  consideration  leads  us  to  divide 
tlic  tempera le  zones  into  tzoo  belts,  one  with  a  mild  winter — tlie  warm 
temperate  belt,  and  tite  otJier  with  a  eold  winter — the  eold  temperate  bell : 
the  warm  temperate  belt  is  characterized  by  broad-leaved  trees  that  are 
evergreen  or  green  during  the  rainy  period,  and  by  only  a  partial  winter- 
rest  of  its  woody  plants;  the  cold  temperate  belt  is  characterized  by  trees 
that  are  bare  in  winter  and  green  in  summer,  and  by  a  general  winter-rest 
on  the  part  of  its  woody  plants.  The  border  line  between  the  two  belts 
appro.Kimately  corresponds  to  the  isotherm  of  6    C.  for  the  coldest  month. 

A  more  exact  coincidence  of  the  border  line  of  tlie  belts  of  vegetation  with  tlie 
isotherms  would  possibly  be  attainable  if  attention  were  also  paid  to  the  isotherms 
of  the  hottest  month,  as  we  should  exclude  from  the  belts  having  a  mild  winter, 
in  the  northern  hemisphere,  districts  north  of  20°  C.  isotherm  in  July,  in  the  southern 
Hemisphere,  where  heat  due  to  insolation  is  stronger,  districts  south  of  14°  C. 
isotlierm  in  January,  and  should  incorporate  them  with  the  belts  having  a  cold 
winter.  Too  much  importance,  however,  should  not  be  attached  to  such  attempts, 
as  an  exact  coincidence  between  zones  of  heat  and  of  vegetation  is  impossible, 
at  any  rate  under  the  present  mode  of  defining  climatic  factors. 

The  general  effects  of  temperature  on  vegetation  in  the  temperate  zones 
are  particularly  exhibited  in  the  phenomena  of  periodicity.  Indirectly,  by 
its  influence  on  the  absorption  and  emission  of  water,  heat  also  affects  the 
distribution  of  woodland  and  grassland.  Special  chapters  are  devoted  to 
both  groups  of  phenomena. 

In_the  distributioii  of  the  constituents  of  the  flora,  temperature  plays 
a  much  morgimpoilaivL_4iarl_irt-thp  tpmp.erate  zones  than  in  the  jropics. 
where  in  this  respect  it  gjves_wa>-  to  the  ^action  of  atmosphejic  prccipita- 
tions.  The  distributional  areas  of  many  European,  North  Asiatic,  and 
North  Ainerican  species  of  plants  have  been  defined,  and  corrcctl\-,  as 
functions  of  the  temperature. 

The  flora  of  the  temperate  zones  as  a  whole  is  described  as  mesothcrmic, 

SCHIMPER  E    e 
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although  its  constituents,  as  regards  their  demands  on  heat,  exhibit  great 
differences,  which  are  by  no  means  expressed  by  the  quite  temperate  mean 
temperature,  nor  by  the  sum  total  of  the  degrees  of  heat.  The  oecological 
optimum  temperature  sometimes  exhibits  a  curve  that  is  nearly  as  flat  as 
those  of  tropical  plants,  but  sometimes  a  steep  ascent  from  low  to  high 
degrees  of  temperature  and  as  steep  a  descent.  Moreover,  the  absolute 
minimum  of  plant-life  is  proved  to  be  very  uneven,  whilst  data  are  not 
yet  available  regarding  the  ma.ximum,  which  is  probably  just  as  unequal. 

Whilst  unequal  demands  on  atmospheric  precipitations  appear  to  be 
limited  chiefly  to  groups  of  a  low  rank,  from  the  genera  downwards,  the 
relation  in  regard  to  temperature  is  frequently  characteristic  of  groups  of 
a  higher  rank,  so  that  apart  from  historical  causes  the  differences  in  the 
flora  within  either  of  the  two  temperate  zones  are  greater  than  within  the 
tropics,  where  only  atmospheric  precipitations  play  an  essential  part.  As 
regards  their  floras,  in  the  first  place,  belts  with  mild  winters  are  marked 
off  from  those  with  cold  winters ;  in  the  second  place,  districts  with  a 
maritime  climate  are  distinguished  from  those  with  a  continental  climate. 

General  considerations  on  the  effects  of  heat  on  growth,  transpiration, 
and  other  functions  in  the  temperate  zones  must  be  omitted  here,  since  the 
great  differences  in  temperature  of  the  temperate  zones  determine  corre- 
sponding differences  in  the  vegetative  functions. 

ii.    EFFECTS  OF  LIGHT. 

The  difference  in  relation  to  plant-life  between  the  amount  and  intensity 
of  light  is  most  strikingly  apparent  when  we  compare  tropical  with  tem- 
perate zones.  Under  an  equally  dense  crown  of  leaves  the  sum  total  of 
luminous  energy  increases  to\\  ards^J^he  _  poIes,-bu^-the-abtltty^  of  plants  to 
live  Tinder  inJimThlsEes^  Shade-vegetation  is  accordingly  much  more 
strongly  developed  in  ther~tfopics  than  in  the  temperat'e_IzQn£sJ.  The 
uliequal  intensity  of  light  in  the  temperate  and  tropical  zones  also  induces 
a  different  fixed  lie  of  the  leaves  in  relation  to  the  light.  In  the  tropics 
direct  insolation  is  the  controlling  factor  ;  leaves  arrange  themselves  obliquely 
or  parallel  to  the  rays,  but  in  the  temperate  zones  they  expose  their 
surfaces  at  right  angles  to  the  direction  of  the  brightest  diffuse  light,  regard- 
less of  the  direct  insolation.  In  spite  of  the  exposed  position,  the 
destructive  effects  of  light  on  chlorophyll  are  far  less  in  temperate  than  in 
tropical  zones.  The  foliage  of  Scandinavian  vegetation^s_con&idercd  to 
be  even  of^  a  more  intense  ancTpure  green  than  that  of  Central  Europe, 
altliQUgh  it- is  almost  continuously  illunTJnated_  during  summer. 

Many  effects  of  light  associated  with  less  high  intensities  are  naturally 
more  strikingly  displayed  as   duration  of  daj'light    increases.      Thus,  the 

'  See  p.  224. 
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iacieased  production  of  pigments  in  flowers  aiul  fruits,  as  well  as  of 
ethereal  oils,  near  the  north  polar  circle,  is,  probably  rightly,  attributed 
to  the  longer  duration  of  light '. 

ill.    EFFECTS  OF  ATMOSPHERIC  PKECIP/TATIONS. 

Atmospheric  precipitations  determine,  in  the  first  place,  the  distribution 
of  woodland,  grassland,  and  desert,  also  the  vegetative  character  of  their 
individual  formations,  within  the  temperate  zones  ;  their  significance  is 
howe\-er  somewhat  less  than  in  the  tropics,  for  this  is  evidently  dependent 
on  the  temperature  prevailing  at  the  time  of  the  precipitations,  so  that, 
in  botli  temperate  zones,  districts  with  summer  rain  and  dry  winters 
contrast  most  sharply  in  their  vegetation  with  districts  having  winter  rain 
and  dr\'  summers'-'. 

An  amount  of  precipitation  that  in  the  tropics  would  occasion  a  most 
luxuriant  development  of  vegetation,  has  no  such  invigorating  effects  on 
plant- life  in  the  temperate  zones.  This  difference  depends  in  particular 
oil  the  fact  that  the  cold  of  winter  corresponds  physiologically  to  a  pro- 
nounced dry  season,  and  accordingly  sets  a  decided  limit  to  the  surface 
growth  of  plant-members. 

The  periodic  phenomena  of  plant-life,  which  in  the  tropics  are  regulated 
exclusively  by  the  alternations  of  moist  and  dry  seasons,  are  also  partially 
dependent  on  these  in  temperate  districts  with  mild  winters,  although 
even  in  such  districts  change  of  temperature  makes  itself  felt.  Temperature 
has  the  greater  effect,  or  is  alone  effective,  in  districts  \\ith  cold  winters, 
according  as  they  possess  a  dry  or  a  wet  summer. 

In  a  similar  way,  the  importance  of  humidity  recedes  before  that  of 
temperature  in  the  demarcation  of  the  areas  of  mesothermic  species  of 
plants.  Only  in  climates  with  markedly  mild  winters  are  there  found 
groups  of  plants  whose  distribution  is  solely  determined  by  atmospheric 
precipitations,  as  is  the  case  in  the  tropics. 


;.  CHARACTER  OF  THE  FLORA  OF  TEMPERATE  ZONES. 

I  will  now  give  a  condensed  summary  of  the  mesothermic  groups  of 
forms,  which  are  treated  in  a  manner  like  that  adopted  when  dealing  with 
the  tropical  zones,  and  from  the  standpoints  already  given  on  p.  226. 

Thallophyta. 

Algae  are  even  less  developed  in  temperate  than  in  tropical  terrestrial 
loras,  except  when  they  combine  with  fungi  to  form  Licheiies,  which  rapidly 
ncrease   in    the   number   of  their   species  and    individuals,  as   the   climate 

'  Schuebeler,  op.  cit.,  p.  83.  '  See  Part  III,  Sect.  II.  Chaps.  III-V. 
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becomes  cooler,  and  together  with  mosses  play  the  chief  part  as  epiphytes 
and  lithophytes  in  forests,  particularly  of  the  cold  temperate  belt,  as  well 
as  on  rocks  and  stones.  It  has  been  already  stated  '  that,  in  the  temperate 
zones,  Fniigi  exhibit  many  more  large  forms  belonging  to  the  Ascomy- 
cetes  and  Basidiomycetes  than  in  the  tropics,  and  they  are  therefore  more 
conspicuous,  in  spite  of  apparently  weaker  development. 

Bryophyta. 

Bryophyta,  in  particular  Mksci,  constitute  in  the  temperate  zones  much 
more  essential  constituents  of  the  vegetation  than  in  tropical  lowlands. 
In  particular,  moist  cool  districts  with  a  maritime  climate,  for  instance 
Western  New  Zealand,  the  Atlantic  coasts  of  Europe,  the  North  Pacific 
coasts  of  America,  Tierra  del  Fuego,  are  very  rich  in  mosses. 

Pteridophyta. 

Filicincac  are  dependent  on  conditions  of  existence  similar  to  those  of 
mosses,  but  require  more  heat  and  are  therefore  chiefly  developed  in 
humid  warm  temperate  districts.  New  Zealand  is  distinguished  above 
all  other  countries  of  the  earth  for  the  abundance  of  its  ferns.  Systemati- 
cally the  temperate  fern-flora  is  less  rich  than  that  of  the  tropics,  as  it 
is  nearly  or  entirely  devoid  of  several  orders  that  occur  in  the  tropics 
and  possesses  no  order  peculiar  to  itself.  The  Cyathcaccac  exhibit  only 
a  few  temperate  species,  which  chiefly  inhabit  the  southern  warm  temperate 
belt  ;  their  arborescent  forms,  although  represented  by  a  few  species  only, 
are  a  principal  constituent  of  the  flora  of  Tasmania  (Fig.  231)  and  of  New 
Zealand,  less  of  that  of  South  Africa.  The  Hymcnopliyllaccac  exhibit 
a  similar  reduction  and  similar  distribution.  The  Polypodiaccae  are  much 
more  dominant  in  temperate  zones  than  in  the  tropics. 

The  Lyccpodiaccac  and  Equisctaccae  play  only  a  subordinate  part  in 
the  temperate  zones. 

Gymnospermae. 

Abundance  of  gymnospernis  and  their  wide  distribution  as  socially 
growing  forest-trees  distinguishes  at  the  first  glance  the  temperate  from 
the  tropical  flora.  This  important  part  is  played  only  by  Conifcrae'^. 
Cycadaceae  (Fig.  232)  are  far  poorer  in  species  and  are  rarer  than  in  the 
tropics,  and  the  small  family  of  Guctaccac  is  represented  by  a  few  species 
of  Ephedra  alone.  The  most  extensive  coniferous  forests  arc  those  of 
the  cold  belt  of  the  north  temperate  zone;  they  consist  almost  exclusively 
of  Plnaceae  (Pinus,  Abies,  Picea,  Larix  :  in  North  America  also  Taxodium, 
Sequoia  ;    in  Japan  also  Cryptomeria)  ;  the  Taxaceae  (Taxus.  Ginkgo)  are 

'  See  p.  226.  -  See  the  distribution  of  Coniferae  in  Urude's  .'Xtlas.  No.  II.        I 
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i|uitc  subordinate.  The  conifers  of  the  south  temperate  zone  are  also 
chiefly  Pinaceae,  yet  not  of  the  sub-families  Abietoidcac  and  Taxodioideae, 
as  in  the  north,  but  chiefly  Araucarioideac  (Araucaria,  Agathis).  The 
Taxaceae  (Podocarpus,  Dacrydium),  particularly  in  the  eastern  hemisphere, 
arc  more  important  constituents  of  the  forest  in  the  south  than  in  the  north. 


KlG.  232.    Zaniia  intcgrikilia   in  Florida.      From  a  phutograph  by  II.  G.  Webber. 

Monocotyledones. 

In  the  warm  temperate  belts,  as  in  the  tropics,  Monocotjdedones  are 
represented  not  only  by  grasses  and  other  herbs,  but  also  by  tall  and 
striking  forms,  which  belong  chiefly  to  Liliaceac  and  Amaryllidaceae,  and 
only  to  a  very  slight  extent  to  the  Palmae  and  Bambuseae  so  prominent 
in  the  tropics  owing  to  their  size,  and  do  not  belong  at  all  to  the 
Pandanaceae  and  Scitamincae.  Thus  species  of  Aloe  are  in  particular 
characteristic  of  South  Africa  (Fig.  23^^),  species  of  Yucca  (Fig.  234), 
Da.s\lirion  and  Agave  of  warm  North  America,  species  of  Xanthorrhoea 
of  Australia  (F'ig.  2^s)^  Cordyline  australis,  attaining  10  meters  in  height, 
of  New  Zealand  (Fig.  236),  and  the  gigantic  dragon-tree,  Dracaena  Draco, 
of  the  Canary  Islands. 

Mesothermic  Palniac  are  not  numerous,  and  are  confined  to  a  few 
warm  tracts,  where  they  are  rarely  prominent,  at  least  in  the  wild  state. 
Their  most  familiar  and  most  widely  spread  representative,  Phoenix  dactj'- 
lifera,  is   not  known  wild  ;    Pritchardia  filifera,  which  is  often  planted    as 
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an  ornamental  tree,  is  confined  to  a  few  valleys  in  South  California.  Of 
tall-stemmed  palms  Sabal  Palmetto  (Fig.  242)  (Florida  to  North  Carolina) 
is  probably  the  single  one  that  is  common  within  its  distributional  area. 
In  company  with  it  two  or  three  dwarf  palms  (Sabal  serrulata,  S.  Adan- 


FiG.  233.    Aloe  in  a  forest-landscape  in  Natal.     From  a  photograph 


soni)    appear,    and    often    form    a    dense    thicket,    as    does    Chamaerops 
humilis  on  the  Mediterranean  coast. 

Tree-forms  oi  Bajiihtseac  appear  in  the  temperate  zones  chiefly  in  Japan. 
The    other    mesothermic   Monocotyledones    are   almost   without   exception 
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licibaccous,  and  to  a  certain  extent  quite  essential  constituents  of  grass- 
hind,  of  desert,  and  of  the  herbaceous  flora  clothing  the  soil  of  woodland. 
The  importance  of  Gramiiieac  is  everywhere  recognized  ;  Cypcraccac  and 
Juucaceac  are  widespread  ;    Liliaceae,  Aviaryllidaccac,  Iridaccac,  and  to  a 


Fig.   234.   Yucca  .nrborescens  in  Ihe  Mohave  desert,  California.     After  Coville. 

less  extent  Orchidaccac,  are  important  constituents  of  the  dry  districts  in 
the  warm  temperate  belts  :  in  the  hotter  parts  of  extra-tropical  America 
Brovicliaceae  possess  a  few  \-er\-  common  species,  for  instance  Tillandsia 
usneoides,  and  in  Chili  species  of  Puya. 


Fig.  235.  Xantliorrhoea  sp.  on  the  river  banks  near  Sydney.     From  a  photograpli. 


Fig.  236.  Cordyline  austrahs  nn  Lake  Wakatii'U,  ^outh  Island,  .\e\v  Zealand,      l-roni  a  piiotograph. 
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Dicotyledones. 

The  group  of  Dicotyledones  includes  a  much  smaller  number  of  tree- 
species  in  the  temperate  zones  than  it  does  in  the  tropics,  and  the  forests 
composed  of  Dicotyledones  are  much  less  mixed.  This  is  especially  the 
case  in  the  cold  temperate  belts,  where  broad-leaved  forests  usually 
present  almost  pure  woods  of  certain  Amcnlaccac,  whilst  in  approaching 
the  tropics  the  number  of  tree-species  becomes  greater  and  their  ad- 
mixture more  uniform.  Dicotyledonous  shrubs  are  very  rich  in  forms 
in  the  warm  temperate  belts ;  on  the  contrary,  woody  lianes  are  very 
feebly  represented.  The  distribution  of  herbaceous  Dicotyledones  on 
grassland  and  in  the  shade-flora  of  woodland  is  about  the  same  as  in 
the   tropics. 

Next  to  the  Coniferae,  Aincntaccac,  in  particular  species  of  Fagus  and 
Ouercus,  in  the  southern  zone  species  of  Nothofagus,  to  a  less  extent 
a  few  other  species  (Castanea,  Carpinus,  Betula,  Juglans),  are  the  most 
important  constituents  of  the  forests  in  temperate  zones.  In  stations 
where  edaphic  conditions  are  the  controlling  factors,  woods  of  other 
Amentaceae  appear,  especially  species  of  Salix  and  Alnus  on  wet  soil, 
species  of  Betula  on  sandy  soil  and  on  sphagnum-moor. 

In  the  temperate  zones  as  compared  with  the  tropics,  the  Uriiciiicae 
are  of  subordinate  importance  as  trees  (^Ulmus.  Celtis,  Morus)  ;  herbaceous 
forms  are  commoner  (Urtica,  Parietaria,  Humulusl 

Of  the  two  families  of  the  Polygoiiiiun-,  the  Piperaceae  are  almost 
completel}'  absent,  whilst  the  Polygonaceae  are  much  more  numerous  than 
in  the  tropics,  and  appear  particularly  in  grassland  and  open  situations. 

Cenfroipcrmac :  the  Chenopodiaceae,  as  inconspicuous  shrubs  and  herbs, 
rarely  as  small  trees,  are  very  common  and  rich  in  forms  on  saline 
soil,  particularly  on  steppe  and  desert,  but  also  on  manured  land.  The 
Car\'ophyllaceae  occur  in  both  zones,  in  the  southern  only  as  Alsinoideac; 
they  form  important  constituents  of  grassy  tracts  and  of  the  herbaceous 
ground-flora  of  woodland.  The  Nyctaginaceae  occur  in  the  warm  temperate 
belts  of  America,  and  the  Aizoaceae  are  in  particular  important  con- 
stituents of  the  South  African  flora. 

Among  the  Polycarpicae,  the  purely  mesothermic  Ranunculaceae  take 
the  foremost  place  in  temperate  zones,  chiefly  in  the  northern  zone.  The 
Magnoliaceae  are  represented  by  a  few  forest  trees  in  Japan,  Himalaya, 
and  North  America  ;  only  the  widely  distributed  Drimys  Winteri  reaches 
South  America.  The  Lauraceae  overstep  both  the  tropical  limits  and 
form  important  constituents  of  warm  temperate  woodland,  but  in  the 
cold  temperate  zones  they  are  represented  by  only  a  few  species  (Laurus 
Sassafras  in  North  America). 

The  Rhocadiiiac,  \\ith  the  exception  of  the  Capparidaceae,  are  mostly 
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niesothermic,  and  are  in  particular  richly  represented  by  Cruciferae  in 
both  temperate  zones.  The  Papaveraceae  and  P'umariaceae  are  almost 
exclusively  north  temperate  ;  the  Capparidaceae  are  confined  to  the  dry 
districts  of  the  warm  belts  ;  and  the  few  Resedaceae  are  mainly 
Mediterranean. 

Of  the  family  Cisiijlorae,  the  Cistaceae  are  mesothermic  and  chiefly 
inhabit  Mediterranean  countries,  the  Violaccae  occur  in  both  temperate 
zones,  the  mainly  tropical  Ternstroemiaceae  reach  their  northern  limit 
in  China  and  Japan  (Camellia),  the  Tamaricaceae  chiefly  inhabit  Medi- 
terranean countries  and  Central  Asiatic  deserts. 

The  almost  wholly  American  Cactaceae.  which  alone  compose  the 
Opuntmac\  are  abundantly  represented  not  onl}'  within  the  tropics,  but 
also  in  the  warm  temperate  belts,  and  are  of  extreme  physiognomic 
importance  in  the  desert  flora,  particularly  of  North  America. 

The  temperate  Cohnnniferae  belong  chiefly  to  the  Malvaceae,  which 
occur  in  the  form  of  shrubs  and  herbs  both  in  the  north  and  in  the  south. 
The  chief  large  extra-tropical  genus  of  Tiliaceae  is  Tilia  ;  its  species  are 
forest  trees  of  the  north  temperate  zone.  The  pre-eminently  tropical 
StercuHaceae  are  represented  in  temperate  Australia  by  the  Lasiopetaleae. 

The  Griiinalcs,  although  the  majority  of  them  are  mesothermic,  are 
only  of  subordinate  importance  in  the  composition  of  the  vegetation  of 
the  globe,  if  we  except  the  Geraniaceae,  which  possess  numerous  species 
in  both  hemispheres,  but  especially  in  South  Africa  (Pelargonium).  The 
other  temperate  Gruinales  belong  to  Linaceac,  Oxalidaceae,  Balsaminaceae, 
and  Tremandraceae,  which  last  are  confined  to  Australia. 

The  Tcrcbinthinae.  with  few  e.xceptions,  require  heat,  and  in  their 
niesothermic  forms  therefore  are  confined  to  the  belts  with  mild  winters, 
where  most  of  them  in  large  numbers  inhabit  dry  districts.  The  Z3-go- 
phyllaceae  are  mainly  halophytes  of  desert  districts  in  both  hemispheres ; 
the  Rutaceae,  particularly  as  shrubs,  form  the  principal  constituents  of 
xerophilous  woodlands,  specially  in  South  Africa  and  Australia.  The 
mainly  tropical  Anacardiaceae  play  a  part  similar  to  that  of  the  Rutaceae, 
but  they  are  specially  important  in  the  Mediterranean  flora  (Pistacia, 
Rhus— the  latter  genus  is  also  North  American  and  East  Asiatic). 

The  Aescnlinae  are  represented  by  tree-species  of  Acer  in  the  north 
temperate  forests,  specially  those  of  North  America,  China,  and  Japan. 
The  Hippocastanaceae  are  likewise  mainly  North  American ;  Aesculus 
Hippocastanum  is,  however,  distributed  from  Greece  to  North  India.  Only 
a  few  Sapindaceae  occur. 

ihe  l-rangidiiiac  contribute  numerous  species,  particularly  to  the  shrubby 
vegetation  of  both  temperate  zones,  for  instance  chiefly  in  America 
species  of  Ilex  (Aquifoliaceae),  also  several  Celastraceae  such  as  species 
of  Euonymus  in  the   northern    zone,  species    of   Gymnosporia    in    South 
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Africa;  finally,  numerous  Rhamnaccac,  particularly  belonging  to  the  genera 
Rhamnus  (Europe,  North  Asia,  North  America),  Phylica  (South  Africa), 
Ceanothus  (California).  The  mainly  tropical  Vitaceae  are  mostly  repre- 
sented as  lianes,  but  also  by  aberrant  forms  in  the  warm  temperate  bells. 
\^itis  vinifcra  is  indigenous  in  Mediterranean  countries,  most  other  species 
of  Vitis  in  North  America. 

Tricoccae:  the  Euphorbiaceae  are  not  so  important  in  temperate  as  in 
tropical  floras  ;  yet  some  of  their  species,  specially  those  of  the  genus 
Euphorbia,  are  very  widespread  in  the  most  diverse  formations.  Buxus 
sempervirens  (Mediterranean  countries,  Atlantic  Europe,  temperate  Asia) 
and  Empetrum  nigrum  (north  temperate  and  polar  zones)  are  the  commonest 
representatives  of  the  Buxaceae  and  Empetraceae. 

The  TItyinclaciiiac  (Thymelaeaceae,  Penaeaceae,  Proteaceae)  are  by  a  vast 
majority  mcsotherniic.  but  the  most  of  them  are  confined  to  the  warmer 
belts.  Their  chief  centre  is  in  the  dry  districts  of  South  Africa  and 
Australia. 

UiubcUiflorac:  the  Umbelliferae  are  almost  exclusively  mesothermic  and 
form  a  chief  constituent  of  the  flora  of  the  north  and  south  temperate 
zones,  specially  in  grassland  formations  (Fig.  237).  Drude  shows  that  of 
the  three  sub-families  into  which  he  has  divided  the  Umbelliferae.  the 
Hydrocot}-loidcae  are  austral,  the  Saniculoideae  both  austral  and  boreal, 
the  Apioideae  boreal  as  regards  most  genera.  The  Araliaceae  are  for  the 
most  part  megathermic,  but  }-ct  are  richly  represented  in  the  warmer 
districts  outside  the  tropics.  ICurope  possesses  only  one  species,  Hedera 
Helix.     The  small  family  Cornaceae  is  almost  exclusi\ely  north  temperate. 

Of  the  Saxifragiuac  the  Crassulaceae  are  chiefly  inhabitants  of  dr\-  hot 
districts  and  are  strongly  developed  in  South  Africa.  The  but  slightly 
homogeneous  Saxifragaceae  are  represented  in  both  temperate  zones  hy 
dissimilar  groups  of  forms,  as  are  also  the  Hamamelidaceae.  A  few  allied 
families  (Cunoniaceae,  Bruniaceae,  Pittosporaceae)  are  indigenous  chiefly  in 
the  southern  zone. 

Rosiflorae:  the  Rosaceae  are  almost  exclusively  mesothermic  and  form 
an  Important  component  of  the  north  temperate  flora ;  the  south 
temperate  zone  possesses  only  a  few  genera,  which  arc  however  in  some 
instances  rich  in  species  (Acaena  in  South  America,  Cliffortia  in  South 
Africa).     Roseae,  Prunoideae,  and  Pomoideae  are  boreal. 

Of  the  three  families  of  Lfguiniiiosae,  the  Papilionaceae  are  by  far  the 
most  important  in  the  temperate  zones ;  within  which  they  arc  richly 
represented  in  the  most  widely  different  formations.  The  Mimosaceae 
arc  limited  to  the  warm  temperate  belts  and  are  extremely  important  in 
xerophilous  woodland,  speciall}-  in  South  Africa,  Australia  (Acacia),  and 
Argentina  (Mimosa).  Only  a  few  Caesalpiniaceae  overstep  the  tropics 
(Cercis,  Ceratonia  Siliqua,  Gleditschia). 
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Among  the  Myrtiflorac  the  Myrtaccae  assume  the  first  rank  in  llic 
temperate  as  in  the  tropical  zone  ;  they  are  confined  to  the  mild-winter 
belt,  and  only  in  Australia  (for  instance  Eucalyptus)  do  they  play 
a  prominent  part.  The  Onagraceae  are  specially  West  American '  (for 
instance  Fuchsia),  and  llie  Lythraceae,  although  represented  everywhere, 
are  never  dominant.     Tunica  inhabits  warm  temperate  Western  Asia. 

The  Hysterophyia  are  .still  less  important  in  the  temperate  than  they 
are  in  the  tropical  floras.  They  are  limited  to  a  few  Aristolochiaceae, 
Santalaccae  and  Loranthaceae,  and  to  one  or  two  Rafflesiaceae  and 
Balanophoraceae. 

The  Ericaceae  possess  social  species  in  Calluna  vulgaris  and  different 
species  of  Erica,  which  compose  extensive  shrub-formations,  termed  heaths, 
specially  in  the  north  cold  temperate  belts.  Most  of  the  species  of  Erica 
are  however  indigenous  in  South  Africa.  North  America  also  is  very 
rich  in  Ericaceae.  The  Epacridaceae  are  characteristic  constituents  of 
the  south  temperate  zone,  specially  in  Australia,  and  never  occur  in  the 
north  temperate  zone. 

Of  the  three  families  of  PriiiiiiUnae,  the  M}'rsinaceae  are  almost 
absent  from  the  temperate  zones  ;  the  purely  mesothermic  family 
of  Primulaceae  exhibits  numerous  species,  chiefly  boreal ;  and  that  of 
Plumbaginaceae  pla}-s  an  important  part  in  steppes  and  deserts  with  .saline 
soil  and  on  the  sea-shore,  and  it  also  is  chiefly  boreal. 

The  Contortae  possess  an  almost  purely  mesothermic  group  of  forms 
in  the  Gentianaceae,  which,  represented  by  species  of  Gentiana,  inhabit 
both  the  temperate  zones ;  also  a  mainly  mesothermic  family  in  the 
Oleaceae,  whose  home  is  chiefly  in  East  Asiatic  and  North  American 
forest  districts.  The  families  of  Asclepiadaceae  and  Apocynaceae,  which 
are  rich  in  forms  in  the  tropics,  become  very  subordinate  in  the  temperate 
zones  ;  the  Loganiaceae  are  almost  entirely  absent. 

The  Titbijiorae  are,  in  their  families  Boraginaceae  (with  the  exception 
of  the  Cordiaceae),  Polemoniaceae,  and  Hydrophyllaceae,  mostly  inhabitants 
of  the  temperate  zones,  the  Polemoniaceae  and  H\-drophyliaceae  being 
chiefly  in  America.  The  Convolvulaceae  are  less  numerous  than  in  the 
tropics. 

The  Scrophulariaceae  include  the  main!}'  mesothermic  forms  of  the 
Persouaiae,  and  are  richly  represented  in  both  temperate  zones ;  while 
the  Solanaceac  are  much  less  numerous  than  in  the  tropics.  The  smaller 
families  of  Orobanchaceae,  Utriculariaceae,  and  Plantaginaceae  are  of  slight 
significance,  and  the  almost  purely  megathermic  large  families  of  Bignonia- 
ceae.  Gesneraceae,  and  Acanthaceae  have  even  slighter  importance. 

Of  the  two  families  of  the  Labiatiflorae,  that  of  the  Verbenaceae  is  mainly 
megathermic  and  of  slight  importance  in  the  warm  temperate  belts  only ; 
whilst    the    Labiatae    are    chiefl)-    mesothermic,    and    are    represented    by 
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numerous  and  sometimes  very  common  species.  They  are  richly 
developed,  especially  in  Mediterranean  countries. 

Riihiinac :  the  family  of  Rubiaceae,  which  is  strongly  developed  in  the 
tropics,  becomes  quite  subordinate  in  the  temperate  zones  and  by  far 
the  majoritj'  of  its  forms  are  herbaceous.  The  much  smaller  families  of 
Caprifoliaceae  and  Valerianaceae  are  almost  entirely  mesothermic  and 
boreal,  but  never  form  important  constituents  of  the  vegetation. 

The  Compositae  play  at  least  as  important  a  part  in  temperate  floras, 
as  in  the  tropics ;  here  also  they  prefer  grassland  districts.  Their  sub- 
families to  some  extent  inhabit  both  zones,  but  are  in  part  exclusively 
or  chiefly  attached  to  one  of  them.  Thus  the  Liguliflorae  and  the  Cynareae 
are  mainly  boreal,  the  Labiatiflorae  are  austral  and  almost  exclusively 
American.  The  two  other  families  of  the  Ag^regatac  are  mesothermic, 
the  Dipsaceae  being  mainly  north  temperate,  the  Calyceraceae  South 
American. 
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CHAPTER  II 

PERIODIC  PHENOMENA  OF  VEGETATION  WITHIN 
THE   TEMPERATE  ZONES 

Introduction.  i.  Metabolism  and  Interchange  of  Energy  in  Mesotherniic 
Plants  at  Different  Seasons,  i.  Periodicity  in  the  gean-trce.  Processes  that  are 
visible  externally.  Development  of  the  flower-buds  in  the  gean-tree.  Crand  periods  and 
temperature.  Season  of  rest  and  temperature.  Carbohydrates  in  the  periods  of  activity 
and  repose.  Effects  of  temperature  on  the  solution  and  re-formation  of  starch,  ii.  Starch- 
trees  and  Fat-trees.  Causes  of  the  formation  and  disappearance  of  fat.  iii.  Theory  of 
Forcing.  The  two  conditions  of  protoplasm.  The  resting  condition  prolonged  by  low 
temperatures.  Suppression  of  growth  in  length.  Oecological  optimum  temperature  in 
the  active  period  coinciding  with  the  natural  temperature,  iv.  Periodicity  of  Herbaceous 
Plants.  The  sweetening  of  potatoes,  v.  Cold  and  Drought.  Similar  effects  of  winter 
period  and  dry  period.  2.  Periodic  Aspects  of  Vegetation,  i.  General  Considerations. 
Winter  phenomena.  Plants  flowering  in  winter  in  Japan.  Cold  and  the  development 
of  flowers,  ii.  Periodic  Phenomena  in  the  South  Temperate  Zone.  Chili.  South 
Africa.     South  Australia. 

IXTRODUCTION. 

E\EX  at  a  short  distance  outside  the  tropics,  indeed  occasionally  within 
them,  for  instance  in  South  China,  the  periodic  change  of  temperature 
makes  its  influence  felt  on  vegetation.  With  otherwise  equally  favour- 
able conditions  as  regards  moisture  a  retardation  in  the  phenomena 
of  plant-life  is  unmistakable,  and  the  times  of  flowering  are  rigidly 
associated  with  the  alternation  of  cold  and  hot  season.s.  Such  dependence 
is  specially  evident  in  plants  when  they  are  transplanted  from  higher  into 
lower  latitudes.  Thus  the  periodic  phenomena  of  introduced  Central 
European  broad-leaved  trees  in  Madeira,  w-here  the  mean  temperature 
of  the  coldest  month  (January)  is  1.5°  C.  and  that  of  the  hottest  (August) 
ii-z"  C.,  resemble  those  in  their  native  country  ;  and  Viola  odorata  in  Santa 
Catharina  (South  Brazil)  produces  its  cntomophilous  flowers,  according  to 
F.  Miiller,  from  March  until  December,  but  at  the  height  of  summer 
usually  bears  cleistogamous  flowers  only. 

The  lower  the  winter  temperatures,  the  greater  of  course  becomes  the 
difference  in  the  vegetation  in  the  cold  and  hot  seasons  respectively,  in 
particular  where  there  is  a  moist  summer-climate.  In  districts  with  a 
drj'   summer,   for   instance   the  steppes,  and    to  a   still    greater   degree   in 
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deserts,  not  only  the   difference  in  the  temperature   but  also   that  in  the 
moisture  comes  into  play. 

The  following  considerations  relate  chiefl\-  to  the  cold  belt  of  the  north 
temperate  zone,  as  at  present  precise  physiological  observations  on  the 
warm  or  sub-tropical  belts  are  lacking  ;  at  the  same  time,  in  the  sub-tropical 
belts  we  have  to  deal  with  the  same  phenomena  as  occur  further  north, 
though  in  a  less  pronounced  form. 

I.  METABOLISM  AND  INTERCHANGE  OF  ENERGY  IN 
MESOTHERMIC  PLANTS  AT  DIFFERENT  SEASONS. 

i.    PERIODICITY  IN  THE  GEAN-TREE. 

A  description  will  not  be  given  here  of  periodic  phenomena  easily  visible 
without  detailed  investigation,  such  as  foliation  and  defoliation,  the  develop- 
ment of  the  flowers  and  the  maturing  of  the  fruit,  as  these  are  generally 
known.  But  quite  recently  we  have  begun  to  gain  a  better  insight  into 
these  processes,  by  means  of  physiological  experiments  and  of  the 
microscope,  and  thus  to  prepare  the  way  for  their  explanation.  It  is  to 
be  hoped  that  a  careful  consideration  here  of  these  investigations  may 
stimulate  similar  observations  and  experiments  in  other  climates. 

The  periodic  phenomena  in  a  cold  temperate  climate  appear  on  the 
whole  to  run  the  same  course  throughout  the  entire  vegetable  kingdom, 
except  in  annuals  and  a  few  plants  that  are  constantly  in  blossom.  Yet 
in  details  manifold  differences  reveal  themselves,  so  that  it  seems  advisable 
to  direct  our  attention  first  of  all  to  a  definite  example.  The  gean-tree, 
Prunus  avium,  appears  to  be  eminently  suitable,  as  it  has  been  thoroughly 
investigated  by  several  authors,  specially  by  Askenasy  and  A.  Fischer, 
and  at  any  rate  noticed  by  others  ;  it  can  moreover  serve  as  a  t}pe  of 
the  majority  of  our  broad-leaved  trees. 

Roughly  considered,  the  season  of  activity  and  the  season  of  rest  of  the 
gean-tree  in  South  and  Central  Germany  include  each  about  six  vionths— 
the  active  period  from  about  the  middle  of  April  to  the  middle  of  October, 
the  resting  period  during  the  remainder  of  the  year. 

During  the  period  of  rest,  the  branches  are  leafless  and  bear  only  scaly 
buds,  which,  as  will  be  shown  hereafter,  are  nearly  always  actually  growing. 
This  growth  is  however  usually  extremely  slow,  and  in  default  of  exact 
measurements  is  first  noticeable  towards  the  end  of  the  period  of  rest 
as  swelling. 

The  most  significant  moments  during  the  active  period  are,  as  regards 
the  reproductive  functions,  the  flowering  time  in  April  or  May,  and  the 
ripening  of  the  fruit   in   June  or  July.     The  vegetative  phenomena  ^  that 

'  Askenasy,  op.  cit. 
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are  externally  visible  fall  into  three  periods :  (a)  a  period  of  growth  of  the 
foliage-buds  (April-Ma>'),  (7;)  a  period  of  assimilation  during  which  axes 
and  roots  grow  in  thickness'  and  the  winter  buds  arc  formed  (iMay- 
September),  and  (c)  a  period  of  retardation  and  decline  terminating  in 
the  autumnal  leaf-fall.  Amongst  all  these  phenomena,  that  of  the 
dc\elopmcnt  of  buds,  especially  of  the  flower-buds,  has  proved  best 
adapted  for  the  stud)-  of  the  periodic  phenomena  in  their  separate 
details. 

According  to  Askcnas)-,  \\ho  was  the  first  to  conduct  a  thorough 
investigation  into  these  matters,  the  development  of  the  flower-buds  of 
the  gean-tree  is  distributed  over  two  periods,  which  are  separated  by 
a  period  of  rest,  or  rather  of  extremely  slow  growth.  The  period  of 
rest,  at  Heidelberg,  lasts  from  about  the  end  of  October  to  the  beginning 
of  Februarj-,  that  is  to  say  about  three  and  a  half  months;  it  is  therefore 
considerably  shorter  than  the  period  included  between  the  more  striking 
features  of  defoliation  and  sprouting  of  the  buds  tliat  is  usually  described 
as  the  period  of  rest.  Next  year's  foliage-buds  are  already  laid  down 
at  the  flowering  time  ;    those  of  the  flowers  in  the  course  of  Jul)-. 

The  growth  of  the  buds  during  the  first  growing  period,  i.  c.  during 
the  summer  and  earl\-  autumn,  is  very  slow  and  uniform  up  to  the 
commencement  of  the  period  of  rest,  when  it  becomes  almost  nil. 

At  the  beginning  of  the  second  or  spring  period  of  growth  progress 
is  at  fiist  still  slow,  but  becomes  gradually  more  rapid,  and  finally  so 
rapid  that,  towards  the  end  of  their  development,  the  flower-buds  in 
6-10  days  increase  to  double  and  treble  their  fresh  weight.  Growth 
is  constantly  accelerated  till  shortly  before  maturity,  but  is  retarded 
immediate!)'  before  its  close.  The  whole  development  therefore  affords 
a  splendid  example  of  Sachs'  grand  period  of  growth. 

In  the  increase  in  size  of  the  buds  water  naturally  takes  a  greater 
share  than  does  dry  material.  Of  the  total  weight  of  freshh'  blown 
buds  I  may  be  placed  to  the  credit  of  spring  growth,  |  to  that  of  summer 
growth.  The  dr)'  weights  however  are  in  the  ratio  of  |  :  j.  A  hundred 
buds  during  the  spring  period  increase  in  dry  weight  by  6  grammes.  If 
the  tree  possesses  200,000  flower-buds — mostly  too  low  an  estimate — for 
their  formation   12  kilos,  of  dry  material  are  necessary. 

The  curve  of  growth  of  the  gean-flower,  characterized  as  it  is  by  a 
sudden  sharp  ascent,  is  only  occasionally,  and  then  merely  to  a  certain 
extent,  dependent  on  temperature.  Any  influence  of  temperature  is  not 
discernible  during  the  summer  period,  and  even  during  the  spring  period 
variaiious  of  h'liipcraturc  cannot  alter  the  course  of  tlic  curve  of  gron'th. 
In  other  words,  if  the  temperature  in  February  be  higher  than  in  March, 

'  .According  to  von  Molil,  roots  continue  their  circumferential  growth,  however  slowly, 
during  winter. 
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the  growth  in  March  will  still  be  more  energetic  than  that  in  February 
and  proceed  with  increasing  rapidity.  If  however  we  compare  several 
years  with  one  another,  the  influence  of  temperature  appears  very  plainly, 
as  the  curve  in  a  warm  spring  is  steeper  and  leads  to  an  earlier  flowering 
than  in  a  cold  spring.  At  the  same  time  Askenasy  has  not  taken  into 
account  very  low  temperatures,  which  are  not  uncommon  in  March;  it 
remains  for  botanists  to  investigate  the  course  of  the  grand  period,  in 
the  case  of  slight  frosts  in  spring — severe  frost  is  known  to  kill  the 
growing  buds. 

TIic  dominating  influence  of  inherent  charaeters  over  the  effects  of 
ieniperatnre  is  still  more  remarkable  than  the  features  exhibited  by  the 
grand  period;  this  is  revealed  in  the  fact  that  a  rise  of  temperature  in 
October  does  not  awaken  the  resting  buds  into  activity,  whereas  it  does 
so  from  the  end  of  November  onwards,  and  is  the  more  effective  the 
nearer  the  commencement  of  the  rise  is  to  the  end  of  the  normal  resting 
period.  The  phenomenon  cannot  be  due  to  growth  having  taken  place 
in  the  interval,  for  the  increased  weight  of  the  buds  from  the  beginning 
of  October  to  the  end  of  November  is  hardly  appreciable,  and  the  stalks 
of  the  buds  apparently  remain  at  the  same  stage  of  development. 

In  illustration  of  the  above  we  may  give  the  following  short  tabular 
statement  regarding  the  sprouting  of  branches  of  the  gean-tree  ;  there  are 
no  early  dates  in  the  table,  as  the  experiment  was  first  begun  in  December. 


SPROUTING  OF  BRANCHES  OF  THE  GEAN-TREE  UNDER  A  RISE 
OF  TEMPERATURE.     (After  Askenasy.) 


Date  of  placing  in 
the  hot-house. 

14  December 

10  January 
2  February 

2  March 

1 1  March 
23  March 

3  April 


First  flower      !  Number  of  days 
opened.  elapsed. 


10  January 
28  January 
19  February 
14  March 
21-22  March 
31   IMarch 
8  April 


27 
18 
17 

12 

8 
5 


To  the  external  periodicity  revealed  in  the  phenomena  of  growth  there 
is  a  corresponding  internal  periodicity  in  the  processes  of  metabolism^. 
From  the  moment  when  the  leaves  are  fully  grown  until  their  fall,  a 
continual  stream  of  assimilated  matter  flows  from  the  green  cells  into 
the  branches  and  stem.  Products  of  assimilation  free  from  nitrogen, 
which  we  alone  consider,  because  those  containing  nitrogen  are  too  little 
known,  travel  in  the  form  of  easily  diff"usible  glucose  ;    on  the  way,  this 
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is  however  occasionally  converted  into  starch  (transitory  starch).  The 
path  of  this  stream  of  glucose  is  always  the  same.  It  is  determined  in 
the  leaves  by  the  elongated  parench)-ma-cells  of  the  nerves  and  petiole, 
and  in  the  axes  is  confined  to  the  cortical  parenchj'ma.  From  the  cortex 
the  stream  flows  horizontally  into  the  wood,  where  the  parenchyma-cells 
gradually  fill  with  starch,  whilst  the  vessels  retain  as  such  the  gluco.se 
they  have  received  from  the  parenchyma.  There  is  no  descending  cuncnt 
of  assimilated  matter  in  the  wood. 

The  coimnciiconcitt  oj  leaf-fall  indicates  in  the  tree  the  vwnicnt  at  zvhich 
the  tree  contains  the  greatest  amount  of  assimilated  matter  (autumnal  maxi- 
muin).  E'rom  now  onw  ards  up  to  the  beginning  of  the~next^egctatrve 
season  a  continual  diminution  in  that  amount  takes  place,  at  first  slowly, 
but  finally  very  rapidly. 

Immediately  after  reaching  its  autumnal  maximum,  which  is  al.so 
specially  that  of  starch  (autumnal  starch-maximum),  the  assimilated  matter 
within  the  axes  is  distributed  in  the  following  manner  : — The  parenchyma  of 
the  cortex  and  of  the  medullary  ra}s  is  rich  in  starch  and  glucose  ;  the 
cambium  contains  neither.  The_a:ood  contains  much  starch  but  no  glucose 
in  its^  living  cclls^much  glucose  but  no  starch  in  the  vessels._  The  medul- 
lary sheath  is  rich  in  both  substances  ;  on  the  other  hand  the\-  occur  in 
the  pith  here  and  there  only. 

Shortly  after  leaf-fall  the  starch  completely  disappears  from  the  cortex, 
as  it  is  converted  partly  into  glucose  and  some  fat,  partlyjnto.  somp  still 
unknouin_j3odjes_(sj2ecjes  of  sugarV  The  wood  is  somewhat  poorer ^rt 
glucose  than  during  summer,  buLshows-no^perceptible  diminution  in  the 
quantity  of  starrh    if   ronfains. 

The  buds  at  the  time  of  the  starch-maximum  contain  no  glucose,  but 
the  scales  are  rich  in  starch,  and  the  pith  still  more  so.  The  embryonic 
organs  are  devoid  of  starch  and  glucose. 

Towards  the  end  of  winter,  even  before  any  externally  visible  changes 
indicate  the  commencement  of  the  vegetative  season,  activity  commences  in 
the  interior  of  the  tree.  The  cortex  free  from  starch  becomes  again  filled 
with  this  substance,  clearly  at  the  cost  of  the  glucose  and  of  the  unknown 
bodies  formed  during  autumn  (spring  starch-maximum).  This  condition 
is  onl\-  of  short  duration.  The  starch  is  again  partly  converted  into 
glucose  and  this  flows  into  the  vessels.  In  the  vessels  the  current  of  sap 
sets  itself  in  motion  and  provides  the  buds — hitherto  poorly  supplied  with 
water  and  nutriment — with  water  and  glucose. 

Even  in  the  buds,  mo\-ements  in  the  reserve-material  have  taken  place 
during  the  winter-sleep.  The  starch  has  left  the  pith,  where  it  was  at 
first  so  abundant,  and  has  now  accumulated  in  the  embryonic  leaves  and 
flowers,  from  which  hitherto  it  had  been  absent.  It  is  reserve- materia  I,  and 
just  suffices  for  the  first  stages  in  the  flushing  of  the  buds,  that  is,  up  to 
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the  conclusion  of  the  swelling  period.  The  later  rapid  and  vigorous  growth 
up  to  the  completion  of  maturity  takes  place  at  the  expense  of  the  glucose 
carried  thither  by  the  vessels  from  the  branches  and  stem. 

The  opening  of  the  buds  consumes  a  considerable  part  of  the  carbo- 
hydrates that  are  stored  in  the  axes.  The  starch,  which  just  before  was 
so  abundant,  undergoes  an  extensive  diminution,  which  however  is  in  part 
accounted  for  by  conversion  of  starch  into  glucose  that  is  not  used.  This 
spring-minimum  of  the  carbohydrates,  especially  of  starch,  is  of  short 
duration,  as  very  soon  fresh  quantities  of  assimilated  material  are  produced 
by  the  young  leaves  and  conducted  to  the  food-reservoirs.  Thus  com- 
mences the  accumulation  that  culminates  in  the  autumnal  maximum. 

In  the  above  paragraphs,  processes  of  metabolism  have  been  described 
that  come  into  play  partly  in  the  period  of  rest,  during  the  cool  and  cold 
seasons.  The  question  arises  how  far  they  are  directly  dependent  on  the 
temperature^  or  how  far  determined  by  inherent  hereditary  characters. 
Experiments  show  that  hotli  tcvipcraturc  and  inlicriiaucc  co-cperatc. 

The  disappearance  of  starch  from  the  cortex  at  the  commencement 
of  winter  is  a  direct  effect  of  low  temperatures,  for  it  does  not  occur  in 
the  twigs  of  trees  that  are  exposed  during  the  period  in  question  to  higher 
temperatures,  in  rooms  or  in  plant-houses.  The  reformation  of  the  starch 
is  likewise  a  function  of  the  temperature,  for  when  the  temperature  is 
sufficiently  high  (minimum  5°  C,  optimum  25°-30°),  it  commences  in 
a  few  hours,  and  even  in  the  smallest  pieces  of  cortex,  so  long  as  they 
possess  uninjured  cells.  The  cooling  down  to  2°  C.  of  such  branches 
in  which  reformation  of  starch  has  taken  place  causes  the  starch  to  dis- 
appear again. 

The  connexion  between  the  phenomena  just  described  and  the  tem- 
perature is  evident,  but  the  temperature  is  not  the  sole  controlling  factor, 
for  if  it  were  so  the  starch  would  disappear,  even  in  summer,  after  an 
artificial  reduction  of  temperature.     This  however  is  not  the  case. 

ii.    STARCH-TREES  AND  FAT-TREES. 

The  wood)'  plants  of  the  cold  temperate  zones,  so  far  as  is  known,  all 
behave  in  the  main  like  the  gean-tree.  In  details  however  they  exhibit 
many  differences.  Independent  of  the  generally  known  external  differences 
in  periodicity,  a  group  of  starch-trees  and  another  of  fat-trees  have  been 
established  on  the  basis  of  their  respective  conditions  in  winter,  as  revealed 
in  Russow's  investigations.  In  the  starch-trees,  to  which  chiefly  hard- 
woods— among  others  the  gean-tree — belong,  at  the  commencement 
of  winter  only  very  little  fat  is  produced  at  the  expense  of  the  starch, 
which   in  the  cortex   is  converted   into  glucose  and   unknown   bodies,  but 

1  See  p.  48. 
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iii  the  wood  remains  unaltered.  In  the  t^noui)  of  fat-trees,  which  are  chiefly 
-soft-wooded  species,  such  as  conifers,  birches,  and  lime-trees,  all  the  starch 
in  the  cortex  and  ivood  is  converted  into  fat.  and  this  condition  lasts  until 
sprintj,  when  the  fat  is  reconverted  into  starch. 

The  formation  of  fat  from  starch,  and  of  starch  from  fat,  like  the  changes 
mentioned  above  in  the  cortex  of  the  gean-tree,  are  dependent,  on  the 
one  hand,  on  inherent  characters  possessed  only  during  the  .season  of  rest, 
and,  on  the  other  hand,  on  the  temperature.  The  production  of  fat  does 
not  take  place  while  the  atmosphere  is  warm,  and  any  fat  that  may  be 
present  is  then  converted  into  starch. 

ill.    THEORY  OF  FORCING. 

The  protoplasm  of  the  plants  of  temperate  zones  exists  in  two  conditions, 
one  active  and  one  quiescent.  The  regular  periodic  alternation  of  these 
conditions,  as  in  the  tropics,  is  occasioned  by  inherent  hereditary  characters, 
and  they  are  distinguished  by  the  difference  in  their  behaviour  in  relation 
to  temperature,  as  well  as  b)-  other  features. 

/;/  active  protoplasm,  by  means  of  higher  temperatures  stimuli  are  set  up 
that  induce  the  processes  of  growth,  whereas  lower  degrees  of  heat  result  in 
a  general  cessation  of  growth. 

In  quiescent  protoplasm  even  optimum  temperatures  do  not  call  forth 
phenomena  of  growth  ;  on  the  other  hand,  changes  of  temperature  produce 
a  reaction  in  the  form  of  metabolic  changes,  and  these  are  induced  in  part 
by  lower  and  in  part  by  higher  temperatures. 

The  quiescent  condition  of  the  protoplasm  is  of  much  shorter  duration 
than  its  active  condition,  and  by  no  means  persists  through  the  whole 
normal  period  of  rest.  This  period  of  rest  is  in  its  second  and  greater 
part  a  direct  result  of  low  temperature,  and  it  may  accordingly  be  shortened 
in  this  part  by  a  rise  in  temperature.  The  forcing  of  plants  depends  on 
this  circumstance.  On  the  contrary,  the  first  part  of  the  period  of  rest, 
which  in  the  gean-tree  lasts  from  the  middle  of  October  to  the  end  of 
November,  but  in  other  woody  plants  is  often  shorter  (for  instance  P^orsythia 
viridissima)  or  longer  (Fagus  sylvatica),  depends  exclusively  on  inherent 
characters  and  is  not  influenced  by  a  rise  of  temperature.  It  is  quite 
useless,  and  even  harmful,  to  try  to  begin  forcing  before  the  end  of  this 
necessary  period  of  rest,  as  buds  even  under  the  most  favourable  tempera- 
ture remain  in  their  winter  condition.  Transition  from  the  one  condition 
to  the  other  is  slow,  and  forcing  will  be  in  any  one  case  more  rapid  the 
more  imminent  was  the  completion  of  the  change  of  the  quiescent  proto- 
plasm into  active  protoplasm.     Low  temperatures  accelerate  the  transition. 

Horticultural  experiments,  purely  practical  in  nature  but  none  the  less 
valuable  on  that  account,  made  particularh-  on  fruit-trees  with  the  object  of 
accelerating  development  (forcing),  most  clearly  demonstrate  the  existence 
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of  a  period  of  rest  that  is  independent  of  external  influences.  These  experi- 
ments have  also  determined  the  optimum  temperatures  for  the  develop- 
ment of  the  flowers  and  fruits  of  temperate  trees,  and  though  not  adequately 
appreciated  they  have  put  an  end  to  a  chaos  of  false  statements  regarding 
the  connexion  between  temperature  and  periodicity. 

Most  fruit-trees  are  suitable  for  forcing  only  after  a  few  frosts,  which 
accelerate  the  transition  to  the  active  condition,  so  that,  for  instance,  the 
forcing  of  the  peach-tree  cannot  be  commenced  before  January  ;  in  Belgium, 
however,  it  succeeds  from  November  onwards.  The  vine,  on  the  other 
hand,  comes  into  a  condition  in  which  it  can  be  forced  at  temperatures  some- 
what above  zero. 

When  forcing  is  commenced  the  temperature  need  b\-  no  means  be  high, 
and,  at  most,  should  not  exceed  6°  to  8°  C.  It  is  gradually  raised,  but 
never  actually  above  the  temperatures  prevailing  in  nature  during  the 
corresponding  stages  of  development.  Higher  temperatures  cause  ab- 
normal features,  such  as  excessively  long  shoots,  defective  formation  of 
wood,  atrophy  of  flowers,  and  so  forth.  It  is  especially  necessary  that 
the  temperature  be  kept  low  during  the  flowering  time,  and,  in  the  case 
of  stone-fruits,  during  the  stoning,  otherwise  the  flowers  or  young  fruits 
drop  off.  The  growth  of  the  fruit,  however,  demands  higher  temperatures 
than  does  the  development  of  the  flower-buds,  but  for  late  autumnal  fruits 
(grapes)  moderate  final  temperatures  are  again  necessary. 

Night-temperatures  must  be  kept  from  2  to  4  centigrade  degrees  lower 
than  day-temperatures  ;   otherwise  hypertrophic  phenomena  set  in. 

It  follows  from  the  above-mentioned  and  other  phenomena  that  the  opti- 
mum temperatures  for  the  processes  of  growth  in  length  are  higher  than 
those  for  other  processes — such  as  the  formation  of  flower,  the  development 
of  wood — so  that  higher  temperatures  favour  the  former  at  the  expense  of  the 
latter.  Experience  in  the  cultivation  of  temperate  woody  plants  in  warmer 
zones  completely  confirms  this  ;  as  there  also  growth  is  greatly  accelerated^. 
Light  retards  growth,  and  it  is  possibly  owing  to  this  fact  that  forced 
plants  withstand  higher  temperatures  by  day  and  in  the  sun  than  by 
night  or  on  a  cloudy  day. 

The  general  results  of  the  experience  of  practical  men  amount  to  this, 
that  in  the  case  of  our  fruit-trees  the  degrees  of  temperature  naturally 
prevailing  during  the  vegetative  season  approximate!}'  correspond  to  the 
optimum  for  the  formation  of  flower  and  fruit,  as  well  as  for  the  formation 
of  wood,  but  are  below  the  optimum  for  the  processes  of  growth  of  foliage- 
shoots.  Hence  the  forcing  of  fruit-trees  is  generally  confined,  in  the  first 
place,  to  the  abolition  of  that  portion  of  the  period  of  rest  that  is  due 
to  low  temperatures,  and,  in  the  second  place,  to  imitating  as  closely 
as    possible    the   temperatures    prevailing    during    the    different    stages    of 

1  See  p.  48  ff. 
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the  normal  period  of  growth.  I'or  the  pkim  alone  temperatures  some- 
what higher  than  those  prevailing  in  spring  and  summer  in  Centra!  lunope 
arc  favourable  for  the  development  of  flower  and  fruit,  so  that,  in  contrast 
to  other  fruit-trees,  the  period  from  the  opening  of  the  buds  to  the  ripening 
of  the  fruit  can  be  considerably  shortened.  P)-naerl"s  table  of  temperatures 
suitable  for  forcing  the  peach-tree  has  already  been  given',  and  is  worthy 
of  study  on  account  of  its  importance  and  comprehensiveness. 

What  is  true  of  the  fruit-trees  in  Central  Europe  is  also  certainly  true 
of  the  great  majority'  of  the  woody  plants,  as  of  the  whole  indigenous 
flora.  In  other  words,  the  flora  of  the  temperate  zones  during  the  vegetative 
season  enjoys  an  oeeo  logical  op  limn  in  teinperatnre,  so  that  all  the  functions 
Zi'ork  harmoniously  side  by  side.  It  accordingly  follows,  as  has  been 
already  explained,  that  a  transference  to  a  climate  with  a  higher  or  lower 
temperature  causes  discordant  changes,  at  any  rate  to  begin  with.  Subse- 
quently, in  certain  species,  acclimatization  is  secured  bj'  adaptation  to  the 
new  conditions  of  temperature  -,  provided  these  conditions  do  not  differ 
too  greatl}'  from  those  of  the  native  home. 

iv.   PERrODICITY  OF  HERBACEOUS  PI.AiVTS. 

That  the  facts  already  established  in  reference  to  woody  plants  arc  also 
true  of  perennial  herbs  is  proved  b}-  all  our  experience,  which  has  taught 
us  in  particular  that  in  perennial  herbs,  as  in  woody  plants,  there  is  a 
resting  period  due  to  inherent  causes,  and  that  a  series  of  metabolic  changes 
also  take  place  in  them,  like  those  which  proceed  in  woody  plants. 

Miiller-Tluirgau  has  thrown  much  light  on  the  periodicity  of  the  potato.  The 
well-known  sweet  taste  of  frozen  potatoes  is  not,  as  is  generallj-  supposed,  a 
consequence  of  the  frost,  but  sets  in  at  temperatures  between  0°  and  +6°  C.  as 
a  consequence  of  the  conversion  of  part  of  the  starch  into  sugar  (glucose,  invertose). 
Miiller-Thurgau  is  of  opinion  that  we  may  possibly  infer  from  this  phenomenon 
that  in  the  potato  there  is  a  continual  process  of  solution  and  of  formation  of 
starch,  and  that  the  formation  demands  higher  temperatures  than  the  solution, 
so  that  when  near  freezing-point  there  is  an  accumulation  of  sugar  which  at 
a  higher  temperature  would  be  converted  into  starch.  Against  this  view  the 
fact  may  be  urged  that  the  production  of  sugar  is  essentialh'  associated  with 
the  winter ;  in  September  and  October  there  is  no  production  of  sugar,  or  the 
production  is  carried  on  to  a  much  less  extent  than  it  is  later  in  the  year. 

We  have  evidently  to  deal  with  phenomena  quite  similar  to  those  in  woody 
plants.  In  this  case  too,  as  a  consequence  of  inherent  causes,  the  winter  and 
the  summer  conditions  periodically  alternate  with  each  other  in  the  protoplasm. 
During  the  winter  condition  low  temperatures  between  0°  and  +6°  C.  cause  a 
considerable  transformation  of  starch  into  sugar,  whereas  during  the  summer 
condition   they  only  e.\ert   a  weak  and   inhibitory  action.     Just  as  in  the   case  of 

1  See  p.  45.  "  On  acclimatization,  see  p.  49. 
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woodi'  plants,  at  a  high  temperature  starch  is  regenerated  at  the  expense  of 
products,  sugar  in  this  instance,  into  which  it  was  at  an  earlier  stage  converted. 
The  production  of  sugar  during  winter  is  not  necessary  for  the  further  development 
of  the  potato,  but  has  an  accelerating  effect  on  it.  It  must  be  due  to  other  causes 
that  potato-buds  do  not  develop  further  in  autumn.  Sachs  has  put  forward  the 
attractive  hypothesis,  that  in  this  and  other  similar  cases  it  may  be  a  question  of 
the  gradual  formation  of  ferments ;  an  experimental  proof  of  this  suggestion  has 
not  yet  been  attempted '. 

v.    COLD  AND  DROUGHT. 

In  their  action  on  vegetation  cold  periods  display  an  ninnistakablc  likeness 
to  dry  periods.  That  this  likeness  is  not  specious,  but  is  founded  on  the 
organization  of  the  plant,  appears  from  the  circumstance  that  both  factors 
frequently  influence  periodicity  in  a  quite  similar  manner  and  can  replace 
one  another.  Thus  forcing  is  accelerated  if  water  is  withheld  for  some 
time  before  the  commencement  of  winter  cold  ;  the  winter  period  of  rest 
then  commences  and  terminates  sooner^.  Persistent  drought  hastens  the 
defoliation  of  our  deciduous  trees.  The  buds  of  woody  plants  and 
herbaceous  perennials  are  no  more  induced  to  open  by  moisture  during 
the  dry  season  than  are  winter  buds  by  higher  temperatures,  so  long 
as  a  certain  time  determined  by  inherent  causes  has  not  been  reached. 
Plants  richly  provided  with  reserve-material  blossom  in  the  tropics  chiefly 
during  the  dry  season  and  immediately  after  it,  but  in  temperate  zones 
chiefly  in  the  spring.  Many  trees  that  blossom  normally  in  the  cold 
season  have  after  a  dry  summer  a  second  weaker  flowering.  Closer 
investigation  regarding  metabolism  during  the  period  of  vegetative  rest 
that  is  due  to  drought  will  show  how  far  analogies  between  metabolic 
changes  and  movements  of  reserve-material  correspond  to  these  external 
analogies. 


2.   PERIODIC  ASPECTS  OF  VEGETATION. 

i.    GENERAL  CONSIDERATIONS. 

The  variety  in  the  aspect  of  vegetation  that  changes  with  each  season 
is  mainlj'  due  to  periodic  phenomena.  The  most  conspicuous  changes 
in  the  vegetative  organs  are  exhibited  by  woody  plants  at  the  autumnal 
leaf-fall.  But  among  evergreen  plants  also  there  is  in  many  cases  a  not 
unessential  difference  between  the  appearance  in  winter  and  in  summer, 
as  many  Coniferae  assume  a  brownish-yellow  colour,  others,  as  well  as 
some  broad-leaved  species,  a  brownish-red  one.     Such  a  change  of  colour 

^  See  also  Lidforss,  op.  cit. 

-  Muller-Thurgau,  II,  p.  901;  Pynaen,  op.  cit.,  p.  263.  .According  to  Pynaert,  the 
result  is  not  quite  certain. 
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follows  only  after  frost,  and  is  confined  to  leaves  exposed  to  the  direct 
raj-s  of  the  sun.  The  yellow  colour  is  due  to  a  partial  dccompf)sition 
of  the  chlorophyll,  the  red  colour  is  caused  either  by  a  red  pigment  in 
the  chlorophyll-corpuscles  (Thuya,  Buxus),  or  by  anthocyan  in  the  cell-sap 
(Ilex,  Hcdera,  Mahonia) '.  Many  species  of  Pinus  assume  a  characteristic 
appearance  in  winter  because  their  fascicled  needles  become  adpressed 
to  the  twigs,  owing  to  certain  hitherto  unexplained  physiological  causes. 

In  contrast  with  woody  vegetation,  evergreen  species  predominate  in 
the  herbaceous  vegetation,  so  that  meadows  retain  their  fresh  green 
appearance  in  mild  winters  and  present  yellow  tints  only  during  persistently 
hard  frost.  Many  herbs  however  develop  anthocyan  during  the  winter, 
but  as  this  discoloration  is  usually  absent  from  grasses,  it  is  far  less 
apparent  than  among  woody  plants.  Many  herbaceous  perennials  are 
only  transitorily  green  ;  the  death  of  the  subaerial  shoots  frequently 
happens  even  during  summer,  and  is  therefore  probably  due  to  inherent 
causes. 

It  is  well  known  that  flowers  are  never  entirely  lacking  at  any  season, 
as  during  mild  weather  many  species,  like  Bellis  perennis,  Senecio  vulgaris, 
Veronica  hederaefolia,  blossom  even  in  winter.  True  winter-flowering 
plants,  however,  do  not  occur  in  the  markedly  cold  belts  of  the  temperate 
zones ;  the  species  just  mentioned  flower  really  throughout  the  year 
and  still  more  freely  in  the  warmer  seasons.  On  the  other  hand,  the 
warmer  belts  produce  a  number  of  j^lants  whose  flowering  season  falls 
in  the  months  from  November  to  February.  Rein-  makes  the  following 
remarks  regarding  the  winter-flora  of  Japan: — 

'  Towards  the  end  of  October  the  woodland  that  is  green  in  summer 
is  leafless,  as  with  us  [i.  e.  in  Central  Europe],  and  there  are  only  a  few 
plants  that  have  not  entered  upon  their  winter  rest.  These  are  chiefly 
shrubs  and  trees  that  are  green  in  winter  .  .  .  the  flowering  of  which 
occurs  during  the  earliest  winter  months.  Among  them  are  Olea 
Aquifolium,  Sieb.  et  Zucc.,  Aralia  japonica,  Thunbg.,  and  some  other 
Araliaccae,  which  blossom  in  November ;  Thea  chinensis,  Sims,  and 
Camellia  Sasanqua,  Thunbg.,  whose  flowering  time  is  in  November  and 
December,  and  whose  last  buds  are  killed  by  night-frosts ;  a  few  species 
of  Daphne,  which  blossom  in  January  and  February ;  and  above  all 
Camellia  japonica,  which  in  this  season  sometimes  affords  the  surprising 
spectacle  of  bearing  simultaneously  flowers  and  snow,  but  whose  flowering 
time  is  prolonged  until  April. 

'Among  herbs  we  find  still  fewer  species  whose  flowering  time  falls 
in  late  autumn  or  actually  extends  into  winter  proper;  among  such  are 
a  few  Compositae,  especially  Pyrethrum  and  Aster.' 

Even    in    the  warmer    belts    winter-flowering   plants   are   scanty.      The 
'  Schimper,  op.  cit.,  p.  166.  '  Rein,  op.  cit.,  p.  155. 
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commencement  of  the  true  flowering  season  usually  coincides  with  that 
of  the  vegetative  season  in  spring  and  ends  with  the  cessation  of  this 
season  in  autumn.  The  beginning  and  end  of  the  flowering  season  are 
dependent  to  a  great  extent  on  the  temperature,  and  therefore  not  only 
fail  to  coincide  at  different  places,  but  also  in  different  years  at  the  same 
place.  But  the  action  of  the  inherent  rhythm  always  proves  stronger  than 
that  of  temperature,  so  that  the  awakening  of  vegetation  very  often  occurs 
at  a  lower  temperature  than  does  its  falling  asleep. 

It  has  been  already  shown  \  that  in  the  temperate  zones  low  tempera- 
tures usually  favour  the  inception  of  reproductive  organs,  and  that  the 
growth  of  these  organs  is  completed  in  very  many  instances  within  lower 
limits  of  temperature,  or  at  any  rate  possesses  a  lower  optimum  than  is 
the  case  with  foliage-shoots.  The  dissimilar  action  of  temperature  on  the 
reproductive  and  vegetative  organs  respectively  has  not  only  been  proved 
experimental!}',  but  is  also  apparent  in  nature,  especially  in  lower  crypto- 
gams and  mosses,  the  sexual  activity  of  which  very  often  coincides  with 
winter,  whilst  their  vegetative  activity  occurs  during  the  warm  months. 
In  phanerogams  thi.-;  connexion  is  less  clear,  owing  to  a  number  of  opposing 
circumstances.  Thus,  many  herbaceous  plants  can  commence  forming 
flowers  only  after  they  have  assimilated  the  needful  material ;  the  formation 
of  assimilating  organs  however,  like  assimilation  itself  demands  higher 
temperatures.  Other  plants  again  are  adapted  to  certain  pollinators  and 
flower  at  a  time  when  these  are  active.  In  spite  of  such  limitations,  the 
favourable  influence  of  low  temperatures  on  the  reproductive  organs  in 
relation  to  the  periodicity  of  phanerogams  is  unmistakable  when  we 
consider  those  plants  alone  that  produce  the  plastic  materials  for  the 
manufacture  of  flowers  in  the  preceding  vegetative  season. 

It  is  well  known  that,  in  the  temperate  zones,  most  herbaceous  perennials 
belonging  to  the  Liliaceae,  Amaryllidaceae,  Iridaceae  are  early-flowering ; 
in  Mediterranean  countries  Orchidaceae  and  Araceae  also  are  among  the 
earliest  spring-flowering  plants.  Man}'  Dicotyledones  with  rhizomes  or 
roots  rich  in  nutriment,  such  as  Anemone,  Helleborus,  Eranthis,  Corydalis, 
Ficaria,  behave  similarly.  A  few  bulbous  plant.s  flower  in  autumn,  such 
as  Colchicum  autumnalc,  Spiranthes  autumnalis,  Crocus  sativus,  Cyclamen 
europaeum.  The  majority  of  trees  are  also  earl}'-flowering  and  frequently 
open  their  flowers  earlier,  and  therefore  at  lower  temperatures,  than  their 
leaves.  The  indigenous  examples,  with  which  the  ivy  as  a  late-flowering 
plant  is  included,  are  sufficiently  well  known.  I  had  noticed  the  same 
feature  in  the  much  richer  tree-flora  of  North  America,  and  an  analysis 
of  the  flowering  times  of  the  trees  in  Asa  Gray's  Manual  of  the  Botany 
of  the  Northern  United  States  has  confirmed  my  observations.  Of  141 
species  referred  to  in  the  above  work  as  being  trees  or  arborescent  shrubs— 

'  See  p.  4S. 
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I  have  not  considered  true  shrubs — -i  10  ccjiiimcnccd  llowcring  from  March 
until  May,  25  in  June,  6  in  July  ;  in  August  merely  the  close  of  the  flower- 
ing time  of  a  few  July-flowering  trees  occurred.  The  connexion  between 
the  opening  of  the  flowers  and  the  cooler  temperatures  appears  specially 
striking,  if  we  consider  that  spring  is  colder  in  the  Northern  States  of 
America  than  in  South  and  Central  German)-,  so  that  May  in  Boston  is 
scarcely  comparable  with  April  in  the  Central  Rhenish  districts. 

ii.   PERIODIC  PHENOMENA  IN  THE  SOUTH  TEMPERATE  ZONE. 
The  literature  to  which  I  have  access  contains  but  few  data  regarding 
the  periodic  phenomena  of  the  south  temperate  zone. 

A  pamphlet  of  Haiin's  on  the  climate  of  Central  Chili  gives  the  following  informa- 
tion. In  June  (corresponding  to  our  December)  the  almond-trees  flower,  also 
wild  violets,  hyacinths,  Ranunculi,  Acacia  cavenia.  In  July  and  August,  Datura 
arborea,  Richardia  aethiopica,  Heliotropium  Ipcruvianum  r).  In  August  there 
blossom  cherries,  peaches,  plums,  Acacia  lophanta,  a  species  of  Fumaria,  and 
a  number  of  indigenous  Amaryllidaceae  and  anemones.  Pear-trees  and  apple- 
trees  blossom  in  the  first  half  of  September;  fig-trees  and  Lombardy  poplar  are 
fully  in  foliage  by  the  end  of  this  month.  Lilac,  Gladiolus  byzantinus,  carnations, 
and  a  number  of  other  garden-plants  develop  their  flowers  in  October.  By  the 
middle  of  November  the  first  strawberries  are  ripe ;  olive-trees  flower  in  this 
month.  Wheat  and  barlej-  are  harvested  in  December;  strawberries,  figs,  cherries, 
melons,  apricots  ripen.  In  March  and  April  beans,  capsicums,  and  potatoes  are 
collected  ;  grapes  are  ripe  enough  to  be  picked  between  the  20th  and  30th  April. 

TEMPERATURE  AND  RAINFALL  IN  SANTIAGO. 
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Reiche '  makes  the  following  remarks  about  the  vegetation  of  Rio  Maule  (about 
35'  S.):  'The  commencement  of  the  cycle  of  vegetation  may  conveniently  be 
reckoned  from  the  flowering  of  Oxalis  lobata ;  this  happens  in  April,  after  the 
termination  of  the  summer  drought,  and  reaches  its  climax  in  Maj-.  During  this 
period,  under  the  influence  of  the  first  rains,  the  hitherto  yellowish  or  reddish 
brown  steppe,  which  was  either  bare  or  covered  with  the  parched  remains  of 
vegetation,  becomes  clad  with  green  verdure.  The  latter  consists  of  seedlings 
of  Erodium  cicutarium,  Lupinus  microcarpus,  Medicago  denticulata,  as  well  as  the 
leaves  of  Scilla,  Achyrophorus,  Soliva,  Briza  and  other  grasses.  During  the 
actual  rainy  season  the  campo  retains  its  green  tint,  slightly  interrupted  by  flowers  ; 
here  and  there  appear  Stenandrium  dulce  (rose  coloured),  or  from  August  onwards, 
Anemone  decapetala  (white  or  blue).  From  September  onwards  the  picture 
becomes   more  embellished  every  day;    at  first  the  numerous  fiery  red  corollas 

•  Reiche,  op.  cit.,  II,  p.  26. 
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of  Habranthus  phycelloides  attract  attention  principally  on  the  mountain  sides  ; 
then  Triteleia  porrifolia  dominates,  and  in  October  and  the  beginning  of  November, 
the  chief  flowering  season  of  the  year,  it  becomes  impossible  to  name  any  plants 
that  are  specially  prominent.  But  even  then  the  first  signs  of  the  desiccation  and 
death  of  the  vegetation  appear  on  specially  exposed  points,  particularly  in  the 
disappearance  of  the  species  of  Tillaea  and  of  Poa  annua.  At  the  same  time, 
from  the  end  of  September  or  the  beginning  of  October  the  deciduous  trees  (Fagus 
obliqua,  poplars,  fruit-trees)  become  adorned  with  new  leaves  and  eventually 
with  flowers.  From  the  end  of  October  onwards,  the  abundance  of  flowers 
steadily  decreases;  Alstroemeria  Liglu  and  Habranthus  chilensis,  locally  with 
the  Compositae  Triptilion  spinosum  and  Cephalophora  plantaginea,  again  impart 
a  floral  beauty  that  lasts  till  December.  Finally,  Noticastrum  Haplopappus, 
Madia  sativa,  Wahlenbergia  linarioides,  Cephalophora  aromatica,  Boisduvalia 
concinna,  with  occasional  stragglers  of  other  species,  remain  as  the  last  flowering 
herbs  in  the  otherwise  brownish-yellow  tract.  The  reappearance  of  Oxalis  lobata 
finally  heralds  the  appearance  of  a  new  vegetative  period.  In  the  ravines  occupied 
by  numerous  shrubs,  and  in  the  forests,  this  cycle  of  change  is  less  marked ; 
but  it  is  quite  apparent  both  in  the  vegetation  of  herbaceous  perennials  and  in 
the  vital  activity  of  woody  plants  (sprouting,  flowering,  fruiting).' 

Just  as  in  Central  Chili,  so  also  near  Cape  Town,  there  are  flowers  at  every 
season,  but  chiefly  in  spring;  September  is  the  montli  that  is  richest  in  flowers; 
autumn  is  poor  in  blossom.  According  to  Thode\  winter  (May-July)  is  characterized 
by  the  flowering  of  Oxalidaccae ;  spring  (August-October)  particularly  by  that  of 
Compositae,  Iridaceae,  Ficoideae,  Proteaceae ;  summer  (November-January)  by 
that  of  Geraniaceae  and  Crassulaceae ;  and  autumn  (February-April)  by  that  of 
Amaryllidaceae.     East  Cape  Colony  also  has  chiefly  spring  flowers. 

According  to  Behr^,  herbaceous  plants  in  South  Australia  flower  shortly  after 
the  end  of  the  rainy  season;  the  Eucalypti  and  Acacia  retinodes  in  spring;  the 
Loranthi  in  the  midst  of  the  dry  season.  The  scrub  blossoms  chiefly  at  the 
beginning  of  the  dry  season,  in  September,  October,  and  November,  but  also 
throughout  its  whole  duration  ;  on  the  other  hand,  the  rainy  season  is  very  poor  in 
flowers  (Astroloma  and  others).  The  grassland  puts  on  the  whole  of  its  floral 
beauty  all  at  once,  at  the  beginning  of  summer. 

In  the  districts  enumerated  above,  which  in  some  cases  possess  summer  rain, 
and  in  others  winter  rain,  the  beneficial  influence  of  the  cool  temperature  on  the 
development  of  flowers  is  universally  revealed  in  the  form  of  an  after-effect.  In 
other  respects  conclusions  regarding  the  effective  factors  cannot  be  drawn  from 
such  scanty  data.  
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CHAPTER   III 

WOODLAND  CLIMATE  AND  GRASSLAND   CLIMATE 
IN  THE  WARM  TEMPERATE    BELTS 

I.  General.  2.  Subtropical  Districts.  Florida.  South  Brazil.  Paraguay.  3.  Warm 
Temperate  Districts  without  a  Dry  Season.  Climate  of  the  temperate  rain-forest. 
South  Japan.  West  Chili.  New  Zealand.  Grassland  climate  of  the  Falkland  Islands. 
4.  Temperate  South  Africa.  Rain-provinces  and  vegetation-provinces.  The  south- 
west coast  with  winter  rains.  Climate  of  the  evergreen  sclerophyllous  woodland.  The 
south  and  east  coast  with  spring  and  summer  rains.  Climate  of  savannahs.  Interior  of 
Eastern  South  Africa  (Transvaal  and  Orange  River  Colony)  with  summer  rain.  Climate 
of  the  steppes.  5.  Warm  Temperate  Districts  with  a  Moist  Summer.  Intermediate 
climate  in  North  .Argentina.  Park  landscapes.  Climate  of  the  pampas.  Climate  of  the 
thorn-woodlands  (espinal)  of  West  .Argentina.  Climate  of  grassland  in  Soiith-East  and 
East  Australia.  6.  Warm  Temperate  Districts  with  a  Moist  Winter.  Climate  of 
evergreen  sclerophyllous  woodland.  South-West  and  South  Australia.  Central  Chili. 
Mediterranean  countries.     California.     7.  Conclusion. 

I.  GENERAL. 

Those  parts  of  the  temperate  zones  bordering  on  the  tropics  and  alone 
meriting  the  appellation  subtropical  exhibit  scarcely  marked  characteristics, 
and  ally  themselves  with  tropical  districts  when  the  climate  is  very  humid, 
and  with  the  true  temperate  districts  when  it  is  dry.  With  increasing 
distance  from^th£  tropics_a_new  factor  intervenes,  the  cold  of  winter,  which, 
tHough  acting  more  indirectly  than  atmospheric  precipitations  and  sub- 
ordinate to  them,  assists  in  determining  the  differentiation  of  the  vegetation 
in  oecological  districts.  It  is  no  longer,  as  in  the  tropics,  a  matter  of 
indifference  whether  the  rainy  season  occurs  in  summer  or  in  winter,  but  the 
rainy  season  is  responsible  for  an  essential  distinction  in  the  oecological 
conditions  of  the  vegetation. 

Excluding  the  less  characteristic  subtropical  districts,  the  warm  temperate 
districts  may  be  subdivided  into  three  groups,  namel}',  those  without  any 
dry  season,  those  with  a  moist  summer,  and  those  with  a  moist  winter. 
Intermediate  districts,  usually  of  slight  extent,  with  spring  or  autumnal 
rains,  sometimes  ally  themselves  more  to  districts  with  a  moist  winter  and 
at  other  times  to  those  with  a  moist  summer. 

2.  SUBTROPICAL  DISTRICTS. 
Temperate  districts  bordering  on  the  tropics,  up  to  about  30°  latitude,  are 
chiefly  occupied  by  desert.  In  them  high-forest  districts  prevail  over  only 
a  limited  area.  Concerning  the  climatic  condition  of  these  high-forest 
districts  I  cannot  give  a  satisfactory  account  from  the  literature  before  me ; 
a  rainfall  of  130-150  cm.,  with  the  corresponding  atmospheric  humidit}-, 
appears  sufficient  for  fairly  rich  forest  growth.     Nevertheless,  countries  with 
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true  high-forest— of  course  omitting  fringing-forcst— arc  not  inferior  to  the 
tropics  in  their  rainfall. 

Florida,  clad  with  extensive  forests,  which  are  however  not  very  lofty  or 
lu.xuriant,  appears  to  have  a  rainfall  of  130-140  cm.  (Fort  Brook  136  cm.); 
the  coast  of  the  Gulf  of  Mexico  to  the  east  of  the  Mississippi  has  147  cm.  ; 
whilst  the  Bahamas,  with  merely  bushy  and  shrubby  woodland,  have  120  cm. 
only  (Nassau  118  cm.).  All  these  countries  have  chiefly  summer  rain;  the 
winter  however  is  also  very  humid. 

Tropical  rainfall  and  tropical  forest  growth  appear  to  the  south  of  the 
tropics,  in  South  America  for  instance  on  the  Brazilian  coast  (Joinvilie, 
Blumenau)  up  to  about  30°,  and  in  the  interior,  in  Paraguay  (Asuncion) 
and  along  the  Andes,  up  to  about   25°  S. 


Subtropical  High-forest  Climate. 

SOUTH    AMERICA. 

(From  Meteorol.  Zeitschr.,  1891,  p.  272  ;  and  Zeitschr.  d.  osterr.  Gesellsch.  f. 
Meteorol.,  1S77,  p.  333.) 


JOINVILLE. 
j6°  19'  S.,  49°  43'  W. 

BLUMENAU  (1S89). 
26°  55'  S.,  49°  9'  W. 

ASUNCION  (PARAGUAY). 

25°i6'.S.,    57''40'\V. 
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The  rainfall  in  Blumenau  is  very  variable.     It  consisted,  on  the  average  of  1868-74,  of 
1,406  mm. ;   1875-80,  of  1,676  mm. ;  in  the  year  1888,  of  2,149  mm.  ;  in  1890  of  1,333  mm. 
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111  North  Argentina,  as  will  hereafter  be  shown,  less  rainfall  than  120  cm. 
with  o-reat  frequency  of  precipitation  causes  grassland  (savannah)  to  pre- 
dominate, and,  wherever  the  soil  is  somewhat  moister,  scattered  tracts  of 
savannah-forest. 

3.   WARM   TEMPERATE    DISTRICTS   WITHOUT   A    DRY 

SEASON. 
Of  warm  temperate  rain\'  districts  those  with  rain  throughout  the  year — 
even  if  this  is  for  the  most  part  unequall}'  distributed — show  the  greatest 
agreement  with  tropical  districts.  Provided  the  rainfall  is  sufficient,  they 
are  clad  with  forest  that  resembles  tropical  rain-forest,  but  is  less  rich 
in  forms,  and  is  also  less  luxuriant,  and  will  be  styled  Temperate  Rain- 
forest. It  occupies  merely  small  tracts,  in  contrast  with  the  tropical  rain- 
forest. In  the  lowlands  it  is  confined  to  South  Japan,  Tasmania,  West 
New  Zealand,  and  South  Chili.  Its  occurrence  in  highlands  is  described 
in  detail  in  Section  IV. 

The  southernmost  island  of  Japan,  as  well  as   the  south-eastern  part  of 

Nippon,  as  far  north  as  Tokyo,  have  very  mild  winter   temperatures  and 

abundant  rain  at  all  seasons  of  the  year,  with  a  maximum  in  the  hot  months. 

The  atmospheric  humidity  is  always  very  considerable. 

Temperate  Rain-forest  Climate. 

SOUTH    J.-\PAN— TOKYO. 

35"  40'  N.,  139'  44'  E.     24  meters  above  sea  level,     i  (1876)  to  4  years  (1873-6). 

(From  Zeitschr.  d.  osterr.  Gesellsch.  f.  Meteorol.,  1878,  p.  26.) 


Temperature. 

Rel.  Humidity. 

Cloudiness. 

r-11 

Mean 
Max. 

Mean 
Min. 

Amount  in  mm. 

1876 

1873-6 

1873-6 

1S73-6 

1S76 

1876 

1S73 

January     .     . 

40 

1 6-9 

-  3.8 

70 

3-5 

68 

93 

February  .     . 

1-6 

12-2 

-6.9 

68 

s-s 

IIS 

65 

March  .     .     . 

3-3 

13-2 

-  5-3 

63 

5-7 

116 

50 

April    .     .     . 

8-1 

20-2 

-  37 

70 

5.8 

141 

80 

May      .     .     . 

12-2 

22-4 

0-6 

71 

6-0 

122 

63 

June     .     .     . 

I7-0 

27-0 

5-4 

75 

6-5 

152 

46 

July.     .     .     . 

iS-s 

28-8 

12-0 

82 

7-5 

276 

356 

August.    .     . 

24-3 

32-0 

16-5 

83 

5-4 

150 

71 
210 

September     . 

267 

33-3 

18-3 

80 

5-3 

65 

October     .    . 

22-6 

29-9 

13-8 

84 

7-7 

359 

486 

November     . 

14-7 

24-1 

4-3 

78 

5-2 

158 

202 

December     . 

9-1 

20-O 

-  1-5 

72 

3-2 

38 

67 

Year  .     .     . 

13-6 

33-9 

-  7-2 

74-7 

5-6 

1760 

1690    1 

Rainfall  in  1S74,  1,697;    in  1875,  1,742  mm. 
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JAPAN— NIIGATA. 

37°  SS'  N-.  139'  10'  E.,  6-5  meters  above  sea-level. 

(From  Zeitschr.  d.  osterr.  Gesellscli.  f.  Meteorol.,  1883,  p.  71.) 


Temperature  (10  years). 

Kainfall  (7  years). 

Mean  of  the 
Terms. 

Mean 
Max. 

Mean 
Min. 

Amount 
in  mm. 

Days. 

December . 

5-2 

12-9 

-  0-6 

178 

I0'9 

January 

2-2 

9-0 

-  2-6 

110 

11.4 

Februarj'   . 

2-9 

10-2 

-  3-2 

n 

8-6 

March  .     . 

S-8 

1 6-4 

-    !•! 

los 

8-9 

April     .     . 

10.7 

22-9 

3-1 

99 

6-8 

May .     .     . 

i6-i 

27-4 

8-0 

106 

5-7 

June .    .    . 

21-0 

29-4 

12-5 

126 

5-8 

July.     .     . 

26-0 

34-0 

19-0 

204 

7-1 

August  .     . 

27-2 

34-8 

21'0 

103 

6-2 

September 

22-9 

31-4 

14-6 

167 

8-2 

October     . 

15-5 

24-6 

7-4 

197 

8.9 

November     ,     . 

9.8 

19-3 

2-9 

216 

10-3 

Year    .     .     .     . 

13-8 

3S-0 

-4-3 

1688 

98-8 

WEST   CHILI— ANCUD. 

41°  51'  S.,  74°  W.,  15  meters  above  sea-Ievel. 

(From  Zeitschr.  d.  osterr.  Gesellsch.  f.  Meteorol.,  1872,  p.  11.) 


Temperature 
(I  year). 

Kainfall  (3  years). 

Bright  Days 

(3  years). 

Amount 
in  mm. 

Days. 

December . 

12-8 

1497 

12-3 

12-3 

January 

13-4 

I55-0 

1 1-7 

14-0 

February  . 

13-9 

147-3 

7-3 

14-0 

March  .     . 

9.9 

2i6-o 

18-0 

8.0 

April     .     . 

10-2 

303-5 

20-0 

3-5 

May .     .     . 

9-7 

466-5 

22-0 

2-0 

June .     .     . 

7.0 

619-5 

24-0 

2-5 

July.    .    . 

8-1 

366-0 

19-0 

4-5 

August .     . 

7-9 

474-0 

21-0 

3-7 

September 

8-0 

196-7 

1 1-7 

12-0 

October     . 

10-4 

107-3 

9-0 

9-7 

November 

12-6 

196-9 

17-7 

Tl 

Year    .     . 

IO-3 

3397-5 

193-7 

93-9 

^% 
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WESTERN    NEW  ZEALAND. 
(After  Hann  in  Zeitschr.  d.  osterr.  Gesellsch.  f.  Meteorol.,  1871,  pp.  2S1,  345.) 


TAUANAKI 

(North  Island). 

39^  4' S.,  about  23  meters  above 

sea-level. 

HOKITIKA 

(South   Island). 

42''4i'S.,  about  25  meters  above 

sea-level. 

Temperature. 
Alean. 

Rainfall. 
.-Vmount  in  mm. 

Temperature. 
Mean. 

Rainfall.       1 
Amount  in  mm.l 

December. 

I7-I 

125-0 

14-8 

309-1 

January     . 

18-7 

8i-8 

15-0 

226-1 

February   . 

18-6 

I0I-8 

1 5-5 

250-7 

March  .     . 

1 6-9 

65.5 

13-6 

171-5 

April     .     . 

15-2 

89.4 

12-0 

218-7 

May      .    . 

12-6 

196-1 

9-6 

161-8 

June      .     . 

II-O 

150-2 

7-8 

209-3 

July.    .     . 

IO-4 

160-0 

7-3 

244-8 

August  .    . 

lO-O 

131-5 

7-5 

231-9 

September 

1 1-8 

133-4 

9-6 

149-3 

October     . 

13-2 

151-6 

10-8 

340-4 

November 

15-0 

123-4 

12-3 

322-3 

Year    .     . 

14-2 

1509-7 

"•3 

2835-9 

A  constantly  humid,  warm  temperate  district,  with  rain  insufficient  for 
forest  growth,  occurs  only  in  the  Falkland  Islands.  As  the  rain  is  extra- 
ordinarily frequent,  the  islands  possess  a  splendid  climate  for  grassland, 
and  are  actually  for  the  most  part  covered  with  grass. 

Warm  Temperate  Grassland  Climate. 

EASTERN   NEW   ZEALAND— CHRISTCHURCH    (SOUTH    ISLAND). 

42°  33'  S.,  6i  meters  above  sea-level. 

(After  Hann  in  Zeitschr.  d.  osterr.  Gesellsch.  f.  Meteorol.,  1871,  pp.  281,  345.) 


Rainfall. 
Amount  in  mm. 

Temperature. 
Mean. 

Rainfall. 
Amount  in  mm. 

Temperature. 
Mean. 

December  . 

41-2 

15-9 

July    .     .     . 

62-2 

6-2 

January  .     . 

58.7 

16-6 

August   .    . 

58-9 

6-6 

February     . 

60-2 

1 6-6 

September  . 

29-5 

9-8 

March    .    . 

44-5 

14-4 

October  .    . 

544 

1 1-7 

April .     .    . 

46-0 

12-6 

November  . 

54-1 

14-0 

May  .    .    . 

57-9 

8-9 

Year     .    . 

648-6 

1 1-6 

June  .    .    . 

81-0 

6-3 

are 
tie 

pea 
trof 
iig 
aid 
that' 
Hue 
To 
thep 
He. 
irintc 
ITiei 
ansll 
Jitiiei 


Mean  annual  maximum  temp.  31-2.     Mean  annual  minimum  temp.  -  3-8. 
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F.ALKI.AND    ISL.\NDS-STANLEV    H.VKBOUR. 

51°  41' S.,  57°  51' W. 

(From  Zeitschr.  d.  osterr.  Gesellsch.  f.  Meteorol.,  1S81,  p.  299.) 


1S75-IS77. 

Temperature. 

Relative 

Humidity. 

y)  a.m. 

Cloudiness. 
9  a.m. 

Rainfall.             { 

Mean 
Max. 

Me.in 
Min. 

Mean. 

Amount 
in  mm. 

Days. 

January .     . 

11-7 

4-7 

8-2 

76 

7-4 

50 

210 

February     . 

13-4 

6-2 

9-8 

72 

7-2 

69 

21.3 

March    .     . 

12-8 

5-6 

9-2 

76 

7-2 

55 

19-3 

April .     .     . 

12-4 

6-0 

9-2 

81 

6-6 

43 

18.3 

May  .     .     . 

9-5 

3-6 

6-6 

84 

6-4 

51 

22-3 

June  .     .     . 

7-0 

2-2 

4-6 

90 

6.9 

43 

19-3 

July    .     .     . 

5-3 

1-2 

3-3 

91 

7-6 

37 

20-0 

August    .     .          4-8 

0-2 

2-S 

91 

7-2 

47 

20-3 

September  . 

S-6 

0.6 

31 

88 

6.7 

30 

22-0 

October .     . 

7-3 

1-5 

4.4 

81 

6-2 

29 

157 

November  . 

8-0 

2-0 

5.0 

82 

7-7 

34 

21-3 

December  . 

IO-3 

3-9 

7-1 

76 

7-9 

29 

iS-3 

Year     .     . 

9-0 

3-1 

6-1 

82 

7-1 

517 

236-1 

4.  TEMPERATE   SOUTH   AFRICA. 

Countries  in  which  the  climate  as  regards  rain  varies  at  short  distances 
are  naturall}-  more  instructive  for  the  study  of  the  connexion  between 
the  rain-climate  and  the  character  of  the  vegetation,  than  are  others  of 
greater  extent  and  where  other  climatic  conditions  vary  as  well.  Extra- 
tropical  South  Africa  is  in  this  respect  extremely  important  ;  data  regard- 
ing its  rainfall  are  very  accurately  known,  thanks  to  Dove's  observations, 
and  its  flora  has  in  essentials  retained  its  original  character.  It  appears 
that  the  provinces  as  planned  by  Dove  according  to  rainfall  are  at  the  same 
time  oecological  vegetation-provinces. 

To  the  south  of  the  littoral  strips  of  the  Karroo  desert,  from  about  30°  S., 
the  precipitation,  which  is  .scanty  north  of  this  latitude  \  rapidly  increases. 
The  south-west  coasts  of  Cape  Colony  have  60-75  cm.  of  rainfall,  chiefly  as 
winter  rain  :  the  summer  is  dry.  The  relative  humidity  of  the  air  is  high. 
The  vegetation  consists  of  low  xerophilous  evergreen  woody  plants  with 
small  leathery  leaves.  Although  also  occurring  elsewhere  as  scattered  con- 
stituents of  the  vegetation,  sitc/i  sclerophyllous  plants  -  are  characteristic  of 

'  See  Chap.  IX,  Deserts.  °  See  p.  9. 

G  g  2 
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^varm  temperate  districts  with  wet  winters  and  dry  snninicrs,  wlicre  alone 
they  form  the  chief  mass  of  the  vegetation. 

Warm  Temperate  Sclerophyllous  Woodland  Climate. 

SOUTH-WEST   AFRICA— WELLINGTON. 

33°  38'  S.,  19°  o'  E.,  120  meters  above  sea-level. 
(After  Dove,  op.  cit.,  p.  33  fF.) 


Temperature 
(4I  years). 

Relative 
Humidity 
(6J  years). 

Rainfall 

in  mm, 

(8  years). 

Cloudiness 

(3  years). 

Mean. 

Range. 

January 

22-9 

12-1 

61 

1 1-9 

2-6 

February    . 

227 

1 1-4 

65 

19-3 

27 

March    .     . 

21-3 

12-4 

67 

24-4 

3-0 

April      .    . 

l8-l 

1 1.9 

75 

46-0 

3-7 

May  .     .     , 

13-9 

9-2 

81 

1057 

5-3 

June  .     .    , 

1 1-9 

9.4 

82 

88-1 

4.9 

July  .     ,    . 

11-5 

9-2 

84 

93-0 

4-6 

August  .    , 

11-8 

9-8 

83 

76-S 

4.4 

September . 

I4-I 

107 

77 

77-2 

4-2 

October      . 

i6-8 

11-4 

72 

59-4 

4-0 

November . 

19-4 

11-8 

66 

21-3 

3-1 

December  . 

20-9 

12-4 

63 

30-7 

2-9 

Year     .     , 

1 7-1 

10.9 

73 

653-5 

3-8 

CAPE   TOWN. 

33°  56' S.,  18°  29' E., 

1 1  meters  above 

sea-level. 

(After  Dove,  op.  cit., 

P-  33  ff-l 


CLANWILLIAM. 

32°io'S.,  i8°53'E., 

100  meters  above 

sea-level. 

(After  Dove,  op.  cit., 

p.36ff.) 


WORCESTER. 

32°4o'S.,  I9°27'E., 

240  meters  above 

sea-level. 

(After  Dove,  op.  cit., 

p.  37  ff.) 


Temperature 
(30  years). 

Rainfall 
in  mm. 

(43  ys.)- 

Temperature 
(9  years). 

Rainfall 
in  mm. 

(iSyrs.). 

Temperature 
(3*  years). 

Rainfall 
in  mm. 

(iSyrs.). 

Mean. 

Range. 

Mean. 

Range. 

Mean. 

Range. 

January .     . 

20-8 

I3-I 

i6-8 

23-6 

19.8 

8.9 

22-2 

16-3 

5-1 

February    . 

20-8 

12-8 

15-7 

23-1 

20.1 

5-6 

21-9 

I5-I 

19-8 

March    .     . 

193 

13-0 

24-1 

21-6 

19-6 

7.9- 

20.8 

147 

107 

April      .     . 

17-3 

9-7 

467 

17.9 

18-2 

127 

177 

14-9 

23-4 

May .    .     . 

14-6 

7-8 

98-8 

14-5 

13-7 

42-2 

13-4 

I3-I 

48-0 

June  .     .     . 

I3-I 

S-3 

112-5 

11-4 

I  5-2 

36-1 

II-8 

12-2 

53-3 

Cii.  Ill]  WARM  TEMPERATE  WOODLAND  AND  GRASSLAND  453 
CAPE   TOWN.  CLANWILLI.XM.  WORCESTER. 


Temperature 
(.10  years). 

Rainfall 
in  mm. 

(43  yrs-)- 

Temperature 

(9  years). 

Rainfall 
in  mm. 
(I3yrs.).; 

Tempcralurc 
(si  yeare). 

Rainfall 
in  mm. 
(i8yrs.). 

Mean. 

Range. 

Mean. 

Range. 

Mean. 

Range. 

July.     .     . 

12-6 

9-8 

88-6 

10-8 

15.4 

41-9 

10-8 

11.9 

54-4 

August  .     . 

13-2 

9-5 

83-6 

1 1.9 

IS-S 

23-9 

12-8 

1 1-8 

32-0 

September . 

14-2 

lO-I 

55-1 

I5-I 

1 8-8 

I6-S 

14-3 

127 

30-7 

October      . 

l6-l 

11.7 

4I-I 

1 8-4 

19' I 

19-3 

167 

1 3-2 

38-4 

November . 

1 8-0 

II-9 

28-5 

20-4 

1 8-7 

10-2 

187 

14.4 

147 

December  . 

19-8 

12-3 

20-0 

22-3 

I9'i 

6.4 

20-4 

IS-4 
13-8 

7-1 

Year     .     . 

166 

IO-9 

631-5 

17-6 

17-8 

231-6 

i6-8 

337-6 

Relative  humidity  (30 
years),  Jan.67,  JuneSi, 
year  74. 

Relative  humidity  (3J 
years),  Jan.59,  July  78, 
year  68. 

SOUTH    COAST— MOSSEL   BAY. 

34"  11'  S.,  22°  9'  E.,  32  meters  above  sea-level. 
(After  Dove,  op.  cit.,  p.  55.) 


Temperature 
(95  years). 

Relative 
Humidity 
(jf  years). 

Rainfall 

in  mm. 

(9  years). 

Cloudiness 
(5  years). 

Mean. 

Range. 

January 

21-2 

7-8 

76 

16.5 

4-2 

February    . 

20-9 

6-9 

78 

52.8 

4-9 

March    .    . 

19-3 

6.9 

83 

48.5 

S-6 

April      .     . 

17-5 

7-0 

83 

27-2 

4-1 

May  .     .     . 

lS-8 

7-5 

82 

38-1 

4-6 

June  .     .     . 

14-4 

8-3 

79 

22-9 

3-4 

July   .     .     . 

13-3 

7-7 

82 

42-4 

3-6 

August  .     . 

137 

7-8 

82 

40.4 

3-7 

September . 

14.9 

7-8 

80 

40-1 

4-8 

October      . 

16-5 

7-4 

78 

389 

4-3 

November  . 

177 

7-S 

78 

20-8 

4-6 

December  . 

20-I 

7-5 

73 

18-5 

4-1 

Year     '.     . 

I7-I 

7-6 

79 

407-1 

4-2 

Eastward  of  the  dry  western  district  the  mountains  are  so  near  the  coast, 
that  only  a  narrow  flat  strip  separates  them  from  the  sea.  On  short  strips, 
ill  the  Knysiia  district,  the  aimiial  rainfall  attains  1 00-1 10  cm.  Here  the 
coast  is  covered  by  evergreen  high-forest.  This  is,  however,  confined  to 
the  humid  valleys,  whilst  the  drier  hill-spurs  are  covered  with  shrubs.     In 
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tliis  case,  therefore,  tlic  inferior  limit  of  rainfall  sufficient  for  high-forest 
apparently  is  hardly  reached,  and  the  existence  of  the  high-forest  is  asso- 
ciated with  water  in  the  soil. 

To  the  east  of  the  Knysna  forest,  the  annual  rainfall  again  falls  to  the 
amount  it  shows  on  the  west  coast,  that  is  to  say,  50-70  cm.  TIic  rain, 
Iiowcvcr,  is  HO  longer  7viiiier  rain,  but  cliicfly  falls  in  spring  and  antninn, 
and  docs  not  fail  at  any  season.  There  is  also  a  complete  change  in  the 
vegetation.  The  selerophyllons  xvoods  disappear  and  are  replaced  by  grass 
savannahs  ivith  small  acacias.     Forest  is  confined  to  the  river  banks. 


Warm  Temperate  Grassland  Climate. 

EAST   CAPE    COLONY    LITTORAL   SAVANNAH. 
(After  Dove,  op.  cit.,  p.  55  ff.) 


PORT  ELIZABETH. 

33°  57' S.,  25°  37'  E-  55  meters  above 
sea-level. 

EA.ST  LONDON. 

33°2o'S.,  27°5=;'E.,  10  meters  above 

sea-level. 

Temperature 
(11  years). 

Rainfall 
in  mm. 

(iSyrs.) 

Relative 
Humidity 
(6j  years). 

Temperature 
( 6i  years). 

Rainfall 
in  mm. 

(6  years). 

Relative 
Humidity 
;3i  years). 

Mean. 

Range. 

Mean. 

Range. 

January     .     . 

2I-I 

7-8 

20-8 

74 

21-4 

7-1 

66-5 

79 

February  .     . 

20-9 

7-6 

35-8 

77 

21.3 

67 

45-5 

84 

March  .     .     . 

197 

7-3 

54-6 

81 

204 

7-1 

92-5 

82 

April     .     .     . 

177 

7-7 

47-2 

78 

19-0 

8-8 

64-8 

80 

May     .     .     . 

l6-2 

8-0 

6o-s 

77 

17-6 

9-3 

66-8 

79 

June     .    .    . 

147 

9-1 

47-5 

72 

15-6 

1 03 

37-1 

74 

July.    .    .    . 

13-6 

8-8 

53-3 

74 

14-8 

1 1.4 

36-8 

72 

August     .     . 

14-3   , 

8-3 

52-3 

77 

15-6 

lO-I 

54-4 

74 

September    . 

15.2 

67 

53-8 

78 

17.2 

80 

53-3 

79 

October    .    . 

l6-s 

7-8 

59-2 

76 

180 

7-4 

691 

81 

November     . 

i8-4 

8-1 

52-3 

74 

19-4 

7-6 

810 

83 

December     . 

20-1 

8-2 

38-9 

74 

20-9 

8-1 

23-9 

78 

Year  .     .     . 

17-4 

7-9 

576-2 

76 

1 8-4 

8-4 

6917 

79 

East  London  belongs  to  the  east  coast  of  Cape  Colony.  As  we  proceed 
in  a  north-easterly  direction,  we  enter  Natal,  and,  with  it,  a  district  ivith 
summer  rain,  but  rain  is  also  abundant  in  the  spring.  There  is  very  little 
rain  in  winter. 

The  rainfall  increases  along  the  coast  of  Natal  up  to  over  100  cm. 
(Durban,  1,036  mm.) ;  inland  however,  even  at  a  slight  distance  from  the 
sea,  it  only  amounts  to  about  60-75  cm.,  just  as  on  the  south  coast  of  Cape 
Colony. 
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KING  WILLIAM'S  TOWN. 

32°  51'  S.,  27°  22'  E.,  400  meters  above  sea-Ievel. 

(After  Dove,  op.  cit.,  p.  84  ff.) 


Temperature. 

Ktlalivc 

Rainfall 

Cloudiness 

(5  years). 

Mean 
(7  years). 

Kangc 

(9  years). 

llumklity 
(,6  J  years). 

in  mm. 
(iG  years). 

January 

21-2 

137 

75 

58-8 

4.9 

February   . 

21-2 

13-2 

75 

90-2 

4.9 

March    .     . 

I9-I 

12.4 

83 

86-1 

6.2 

April      .     . 

1 6-6 

13-9 

79 

49.8 

3-6 

May .     .     . 

14-0 

14-6 

76 

43-2 

30 

June .     .     . 

II-6 

15.6 

73 

137 

2-1 

July  .     .     . 

"■3 

1 6-4 

73 

37-3 

2-2 

August  .     . 

12-4 

15-3 

74 

287 

27 

September . 

147 

14-9 

75 

34-0 

4-6 

October 

1 6-6 

13-9 

75 

63-0 

4.9 

November. 

181 

13-2 

72 

627 

S-o 

December  . 

20-3 

147 

70 

69-3 

4-8 

Year.  .    . 

16-4 

14-3 

75 

638.8 

4-1 

Possibly  at  an  earlier  period,  as  Thode  suggests,  the  more  rainy  littoral 
tract  was  covered  with  forest.  The  latter  may  then  have  borne  the  charac- 
ter of  an  inconsiderably  luxuriant  rain-fore.st.  The  less  rainy  interior,  on 
the  other  hand,  is  true  savannah  with  acacias  and  some  other  trees,  except 
on  the  mountains  (which  will  not  be  discussed  here),  where  richer  precipita- 
tions here  and  there  produce  forest  growth. 

Warm  Temperate  Grassland  Climate. 

N.ATAL— PIETLR>LARrrZI!UKG. 

29"  35'  S.,  30°  20'  E.,  640  meters  above  sea-level. 

(After  Dove,  op.  cit.,  p.  84  ff.) 


Temperature 

(10  years). 

Relative 
Humidity 

Rainfall 
in  mm. 

Mean. 

Range. 

(S  years).   1    (9  years). 

January 

22 -O 

7-8 

74 

1067 

February    . 

22-1 

7-5 

76 

1 1 3-5 

March   .     . 

20-9 

8-8 

75 

87-1 

April      .     . 

18.3 

8-9 

73 

37-3 

May  .     .     . 

14-9 

117 

69 

22-6 

June  .     .     . 

12-8 

13-2 

66 

6-6 
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Temperature 

(lo  years"). 

Relative 
Humidity 
(8  years). 

Rainfall 

in  mm. 

(9  years). 

Mean. 

Range. 

July  .     .     . 

I3-2' 

13-5 

63 

5-3 

August  .     . 

157 

12-3 

63 

6-6 

September 

l8.2 

IO-4 

67 

36'6 

October      . 

18.9 

8-7 

74 

83-8 

N  ovember . 

20-8 

8-3 

75 

1 1 2-3 

December  . 

21-3 

7.8 

76 

1247 

Year    .     . 

18-3 

9-8 

71 

743-1 

Whilst  the  western  half  of  the  interior  of  South  Africa  exhibits  the 
character  of  a  desert,  the  eastern  half  (Orange  River  Colony  and  the 
Transvaal)  is  covered  with  grassland,  which,  in  correspondence  with  the 
dry  cold  of  winter  that  is  hostile  to  trees,  is  not  savannah  but  steppe  ^. 
Here  the  winter  is  very  poor  in  rain,  and  most  precipitation  occurs  from 
November  to  March,  as  the  following  percentages  show. 

DISTRIBUTION    OF   RAINFALL  THROUGHOUT  THE    MONTHS    OF   THE 
YEAR  IN  PERCENTAGES  IN  ORANGE  RIVER  COLONY  AND 

TRANSVAAL. 
(After  Hann,  Handbuch,  III,  p.  365.) 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June 

July 

Aug. 

Sept. 

Oct. 

Nov.    Dec. 

Upper    Orange 
River  Colony, 
1,350   meters 
above      sea  - 
level.  Annual 
rainfall,  53  cm. 

167 

l8-l 

1 6-9 

6-3 

4-8 

27 

2-5 

2-1 

4-2 

5-5 

lO^I 

lO-I 

Transvaal,    850 
meters  above 
sea    -    level. 
Annual  rain- 
fall, 64  cm. 

26.3 

17-3 

12-6 

4.4 

3-0 

2-0 

o.g 

1-5 

1-4 

4.9 

I2-I 

13-7 

If  we  neglect  the  deserts,  which  will  be  described  further  on,  and  the 
rain-forests,  which  in  South  Africa  are  insufficiently  known  and  unimportant, 
we  obtain  the  following  general  propositions  that  hold  good  generally  for 
the  warm  temperate  belts  : — 

1.  The  western  coast  of  temperate  South  Africa  has  a  wet  winter  and  a 
dry  sumvier  ;  the  vegetation  consists  of  xcropliilous  evergreen  sclerophylloits 
woodland. 

2.  The   southern    and  eastern   coasts   and   the  eastern    interior   have    a 


1  Cf.  pp.  171,173- 
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relatively  dry  zvinicr  season  and  a  moist  zvarm  season  {spring  to  antiimn); 
tite  vegetation  consists  of  grassland  {savanna/i  or  steppe). 

5.  WARM   TEMPERATE   DISTRICTS   WITH    A  MOIST 

SUMMER. 

Eastern  South  Annvica  south  of  30°,  hence  in  particular  Rio  Grande  do 
Sul,  Urugua)',  and  Argentina,  may  be  climatically  distinguished  from  most 
of  the  warm  temperate  districts  already  referred  to,  by  the  prevalence  of 
summer  rain  ;  in  this  it  is  comparable  with  Natal.  In  the  littoral  district 
and  in  the  lower  parts  of  the  La  Plata  basin  a  marked  dry  season  docs  not 
occur,  but  a  dry  season  appears  during  winter  in  the  greater  part  of  the 
interior. 

In  North  Argentina,  as  well  as  along  the  base  of  the  ;\ndes,  as  also  in  the 
more  easterly  provinces  of  Entre  Rios  and  Corrientes,  wide  tracts  of  country 
have  a  rainfall  ranging  from  100  to  120  cm.  There,  high-forest,  savannah- 
forest,  savannah,  and  steppe  contend  for  the  mastery ;  local  influences 
determine  the  victory  and  lead  to  richly  varied  tracts  of  park-like  country. 


Climate  of  the  East  Argentine  Park-like  Country. 

CORRIENTES. 

About  27°  30'  S. 

(From  Meteorol.  Zeitschr.,  1894,  p.  356.) 


I8S0-I8S9. 

Temperature. 

Rel.  Humidity. 

Clouc 

liness. 

Rainfall. 

Calm. 

Amount 
in  mm. 

Days. 

7  a.m. 

2  p.m. 

7  a.m. 

2  p.m. 

7  a.m. 

2  p.m. 

January     . 

24-8 

28-9 

78 

61 

3-6 

6-0 

183 

5-8 

0 

February  . 

24-1 

28-6 

76 

60 

3-7 

5-5 

no 

3-5 

0 

March  .     . 

23-4 

27-9 

80 

65 

3-8 

5-6 

108 

4.9 

April     .     . 

19-5 

23-4 

80 

68 

4.4 

5-0 

118 

4-7 

May     .     . 

1 6-2 

19-9 

81 

72 

4-3 

4-8 

95 

3-9 

June      .     . 

13-8 

17-5 

82 

74 

4-8 

50 

48 

2-4 

July      .     . 

13-8 

1 8-2 

83 

73 

S-o 

4.9 

43 

1-9 

August 

is-s 

20-2 

79 

65 

3-5 

40 

20 

l-o 

0 

September 

I7-0 

21-7 

78 

64 

4.4 

4-7 

73 

4-6 

0 

October    . 

I9-S 

24-1 

77 

63 

4-1 

4.9 

III 

4-2 

0 

November 

22-3 

26-2 

76 

63 

4-1 

4-8 

"3 

5-6 

I 

December 

24-3 

28-4 

76 

63 

3-6 

5-1 

151 

S-o 

I 

Year   .     . 

19-5 

23-8 

79 

66 

4-1 

5-0 

1 173 

47-5 

I 

458 


ZONES    AND    REGIONS         [Pt.  Ill,  Sect.  II 


TUCUMAN. 


SALTA. 


26°5o'S.,  430  meters      24°46'S.,65"24'W.,i,200 
above  sea-level.         meters  above  sea-level. 


Rainfall 
in  mm. 

1 

Rainfall 
in  mm. 

January 

267-0 

Winter    .     . 

0-0 

February    . 

2170 

Spring    .     . 

199-3 

March    .     . 

209-0 

Summer 

7634 
179-6 

April .     .     . 

39° 

Autumn .     . 

May  .     .     . 

27-0 

June  .    .     . 

00 

July    .    .    . 

9-0 

August    .     . 

o-o 

September  . 

0-0 

October  .     . 

37-0 

November  . 

56-0 

December  . 

197-0 

Year     .     . 

10600 

Year     .     . 

1 142-3 

I 


Further  soutli  the  annual  rainfall,  except  at  isolated  spots,  sinks  below 
100  cm.  The  eastern  half  of  Argentina  has  at  most  70-100  cm.  of  rain- 
fall ;  in  the  west  the  precipitations  are  less,  they  sink  to  20  cm.  and  even 
fewer,  and  the  country  assumes  a  desert  character  (the  xvestcrn  monte  of 
Lorentz). 

The  eastern  parts  of  Uruguay  and  Argentina,  that  lie  nearer  to  the 
Atlantic,  have  an  annual  rainfall  mostly  as  high  as  70-100  cm.,  and  are  clad 
with  pure  steppe  (pampa).  West  of  the  pampas  there  stretches  as  far  as 
the  Cordilleras,  an  extensive  district  of  thorn-woodland  with  a  rainfall  de- 
creasing to  the  west ;  this  is  the  vioute-foniiatioii  of  Lorentz,  cspinal-fonna- 
tion  of  Hieronymus.  This  woodland  district  is  subdivided  into  a  subdistrict 
relatively  rich  in  precipitations,  the  eastern  inontc  of  Lorentz,  with  about 
40-70  cm.  rainfall,  and  another,  poor  in  precipitations,  that  to  a  great 
extent  may  be  described  as  desert.  The  rainfall  ranges  from  less  than 
20  cm.  at  the  base  of  the  Andes  (Pilciao  13  cm.,  San  Juan  7  cm.)  to  about 
40  cm.  on  the  borders  of  the  eastern  monte. 

Many  explorers  have  been  surprised  that  the  eastern  humid  district  should 
produce  only  grass,  but  the  drier  western  one  woods.  They  did  not  know 
the  difference  between  a  grassland-  and  a  woodland-climate,  nor  how  grass 
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can  hold  its  own  against  wood,  in  a  climate  that  suits  il.  In  the  pampas 
district  grass  is  driven  out  only  where  water  is  very  abundant  in  the  soil,  as 
for  instance  along  the  banks  of  rivers.  In  fact,  as  the  tables  show,  the 
pampas  cliuialc  is  a  perfect  grassla7id-climatc,  with  its  rainfall  iml  uKire 
than  moderate  but  well  distributed,  and  its  humid  moderately  warm  vege- 
tative season.  In  addition,  the  strong  winds  of  the  pam[)as,  with  moderate 
atmospheric  humidity,  represent  a  factor  hostile  indeed  to  woodland  but 
innocuous  to  grassland. 

The  spread  of  the  grass  towards  the  cast  is  opposed  by  the  reduced  rain- 
fall, and,  as  may  be  inferred  from  the  considerable  number  of  hours  of 
sunshine,  by  its  less  equable  distribution  in  lime  :  this  latter  is  revealed  by 
statements  of  travellers,  who  describe  the  climate  as  dr)'  compared  with 
that  of  the  pampas.  That  the  climate  in  the  espinal-formation  is  directly 
unfavourable  to  grass  appears  from  the  observation  of  Lorentz  that  grasses 
rarely  reoccupy  clearings  to  any  large  extent ;  indeed  they  frequently  spring 
up  only  under  the  shelter  of  trees  from  a  soil  resembling  a  threshing-floor 
in  its  bareness. 

That  woods  thrive  under  such  circumstances  is  a  consequence  of  the 
accommodating  power  of  xerophilous  thorn-bush.  There  is  also  in  their 
favour  that,  in  opposition  to  the  pampas,  calms  predominate  over  wind}- 
weather. 

North  Patagonia  climatically  resembles  West  Argentina,  and  possesses 
a  similar  vegetation,  chiefly  formed  of  shrubs,  which  are  very  scanty  in  the 
desert-like  interior. 


Warm  Temperate  Grassland  Climate. 

PAMP.-\.S. 

SAN   JORGE   (CENTRAL  URUGUAY). 

32°  43'  S.,  56°  8' W.,  122  meters  above  sea-level. 

(From  Meteorol.  Zeitschr.,  1886,  p.  324.) 


18SI-1SS4. 

Temperature. 

Rel.  Humidity. 

Strength 
of  Wind. 

Simshine 
Hours. 

Rainfall.        { 

Daily 
Range. 

Amount 
in  mm. 

88 

Days. 
8-2 

Mean 
Max. 

Mean 
Min. 

9j  a.m. 

34  p.m. 

December 

34-2 

5-6 

iS-5 

60 

46 

2-2 

308 

January     . 

37-3 

7-8 

15.8 

64 

50 

1-5 

336 

91 

7-2 

February  . 

35-6 

S-2 

l6-2 

63 

45 

i-S 

319 

26 

3-0 

March  .     . 

3S-3 

6-1 

14-3 

74 

57 

1-7 

267 

96 

7-S 

April     .     . 

29-4 

2-1 

12.6 

78 

68 

1-6 

224 

131 

8z 

May     .     . 

23-8 

-1-3 

IM 

82 

70 

1-2 

188 

83 

70 

June     .     . 

21-8 

-2-8 

IO-2 

90 

n 

1-7 

142 

125 

no 

460 
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18SI-ISS4. 

Temperature. 

Rel.  Humidity. 

Strength 
of  Wind. 

Sunshine 
Hours. 

Rainfall. 

Mean 
Max. 

Mean 
Min. 

Daily 
Range. 

9i  a.m. 

3|  P-m- 

Amount 
in  mm. 

Days. 

July.     .     . 

23-4 

-3-1 

IO-2 

88 

73 

2-1 

171 

82 

9-7 

August .    . 

26-9 

0-3 

IO-8 

83 

73 

2-1 

200 

87 

8-8 

September 

292 

07 

112 

79 

66 

2-5 

204 

126 

9-2 

October    . 

29-3 

2-3 

12-6 

76 

67 

2-1 

252 

71 

9.0 

November 

31-9 

47 

13-4 

69 

57 

1-9 

294 

lOI 

6-8 

Year  .     . 

37-3 

-3-3 

12-8 

75 

62 

1-85 

2905 

1 107 

95-6 

February,  18S4,  had  a  mean  daily  range  of  temperature  of  17-8  degrees,  but  was  also 
very  dry  (mean  humidity  only  33  %),  with  1-3  mean  cloudiness  and  338  hours  of 
sunshine.  A  frequent  change  between  e.Ktreme  degrees  of  humidity  is  characteristic  of 
San  Jorge.  The  rain  falls  usually  in  a  few  heavy  showers.  The  number  of  rainy  hours 
in  Central  Uruguay  is  very  small. 


MATANZAS. 

34°  49'  S.,  58°  37'  W. 

(From  Meteorol.  Zeitschr.,  1894,  p.  356.) 


IS77-I8S9. 

Temperature. 

Rel.  Humidity. 

Rainfall. 
Amount 
in  mm. 

Calms 
in%. 

7  a.m. 

2  p.m. 

Mean 
Max. 

Mean 
Min. 

7  a.m. 

2  p.m. 

January     . 

23-4 

30-9 

38-4 

i6-l 

68 

60 

92 

S 

February  . 

21-3 

30-0 

36-5 

I4-I 

69 

60 

58 

7 

March  .     . 

19-6 

27-5 

34-0 

12-3 

70 

60 

97 

9 

April     .     . 

13-6 

21-4 

27-4 

5-7 

67 

59 

83 

2 

May      .     . 

lO-I 

i8-o 

23-4 

3-1 

64 

61 

73 

0 

June      .     . 

8-5 

iS-i 

20-6 

1-6 

62 

61 

73 

0 

July.     .     . 

8-3 

15-0 

21-2 

1-7 

61 

64 

55 

0 

August .     . 

9-8 

17-3 

25-1 

2-8 

66 

66 

64 

0 

September 

II-3 

1 8-6 

26-9 

4-5 

67 

67 

83 

0 

October    . 

15-4 

22-2 

28-9 

8-3 

70 

68 

71 

0 

November 

19-6 

26-4 

33-5 

11-7 

69 

65 

69 

0 

December 

22-1 

29-3 

36-6 

13-8 

70 

65 

no 

0 

Year   .     . 

15-2 

22-6 

39-1 

05 

67 

63 

928 

2 
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SAN   ANTONIO  DE  ARECA.        SALADO.  DOLORES. 

34°12'S.,  59°30'\V.,  35''44'S.,  sg'^S'W.,     36' 19'S.,  58'2o'\V.,        Other 

43  meters  above  15  meters  above        10  meters  above         Pampas 

sea-level,  1879-1881.         sea-level, 1878-18S2.  sca-level,i878-i882.     localities. 
(From  Zeitschr.  d.  osterr.  Gesellscli.  f.  Meteorol.,  1884,  p.  530,  also  p.  382  ;  1895,  p.  105.) 


Tempera- 
ture. 

Rainfall., 
Amount 
in  mm. 

Tempera- 
lure. 

Uainfall. 
Amount 
in  mm. 

1 
Tem]iera- 1 
ture. 

Rainfall. 
Amount 
in  mm. 

Annual  Rainfall. 
.Amount  in  mm. 

January 

22-6 

114 

ai7 

no 

21-2 

121 

AYACUCHO, 

37°  7'  S., 

59°3o'W., 

635-6 

15AHIA 
BLANCA, 
38°45'S., 
62°ll'W., 
15  meters 
above  sea- 
level, 
mean  of 
1860-1879, 
488 

February   . 

23-8 

32 

22-0 

39 

21-6 

122 

March   .     . 

21-5 

91 

19-3 

40 

I9-I 

45     ! 

April     .     . 

i6-o 

31 

14-2 

41 

IS-2 

37 

May  .     .     . 

12-4 

58 

II-I 

60 

12-2 

36 

June .     .     . 

IC-O 

72 

8-8 

76 

7-5 

73 

July  .     .     . 

9-5 

36 

8-3 

47 

8-9 

41 

August .     . 

11-5 

26 

IO-6 

47 
56 

IO-6 

60 

September 

127 

58 

12-2 

I2-I 

45 

October     . 

i6-i 

81 

15-7 

58 

15.2 

88 

November 

20-4 

58 

19-2 

105 

1 8-9 

73 

December . 

23-8 

139 

22.3 

94 

21-4 

64 

Year    .     . 

16-3 

796 

15-5 

773 

15-3 

805 

"Warm  Temperate  Climate  for  Thorn-Woodlands. 

WEST  ARGENTINE    ESPINAL-WOODLAND. 

LA  RIOJA. 
CORDOBA.  29°  20'  S.,  67°  1 5'  \V.,  540 

31°  25'  S,,  64°  12'  \V.,  437  meters  meters  above  sea-level, 

above  sea-level,  !878-ife8i, 

(From  Meteorol,  Zeitschr,,  1891,  p,  386,)  (From  Zeitschr,  d,  osterr.  Ge- 

seIlsch.f.Meteorol.,i884,p.530.) 


Mean 
Temperature, 

1S73-87. 

Rel. 
Humidity, 

1881-7. 

Mean  Rainfall. 

Amount  in 
mm.,  1S73-88. 

.Sunshine 
Hours. 
1886-8. 

Mean 
Temperature. 

Rainfall. 

Amount  in 

mm. 

January 

23-0 

65 

115 

306 

24-9 

41 

February  . 

22-4 

63 

89 

244 

24-9 

57 

March  .     . 

20-3 

72 

96 

227 

209 

144 

April      .     . 

15-9 

69 

33 

190 

I7-I 

24 

May .     .     . 

12-9 

67 

16 

229 

I3-I 

15 

June .     .     . 

9.9 

67 

5 

153 

9-8 

2 

July.     .     . 

lO-O 

60 

2 

191 

9-7 

7 

August  .     . 

127 

55 

9 

229 

12-8 



17 

September 

15-0 

55 

25 

187 

15-3 

24 

October     . 

17-6 

61 

56 

252 

190 

49 

November 

202 

64 

"3 

300 

235 

44 

December , 

22-3 

63 

107 

277 

257 

33 

Year    .     . 

1 6-9 

63 

666 

2785 

i8-3 

457 
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CATAMARCA. 

28°28'S.,  65''56'W.,  545  meters  above  sea-level. 
(From  Meteorol.  Zeitschr.,  1894,  p.  357.) 


IS8I-I8SS. 

Temperature. 

Rel.  Humidity. 

Cloudi- 
ness. 

Rainfall. 
Amount 
in  mm. 

Bright 
Days. 

Cloudy 
Days. 

Wind 
V'elocity. 

Calms. 

7  a.m. 

2  p.m. 

7  a.m. 

2  p.m. 

January     . 

2S-4 

32-5 

57 

38 

4.0 

67 

4 

2 

2-0 

14 

February  . 

23-3 

307 

61 

39 

3-7 

27 

4 

2 

1-9 

16 

March  .     . 

21.7 

29-5 

66 

44 

3-4 

29 

8 

3 

1-9 

20 

April    .     . 

IS-I 

23-4 

71 

51 

2-8 

21 

10 

7 

i'5 

9 

May     .     . 

10-9 

31-2 

74 

46 

3-1 

II 

20 

I 

1-2 

yj 

June     .     . 

6.7 

I4-I 

81 

59 

50 

6 

14 

15 

I'O 

35 

July      .     . 

7-S 

174 

68 

38 

31 

0 

18 

2 

1-5 

33 

August      . 

I0'9 

21-8 

62 

39 

2-7 

4 

27 

I 

1-6 

35 

September 

iS-6 

24-9 

55 

32 

3-3 

2 

23 

4 

1.8 

20 

October    . 

1 8-6 

27-6 

56 

35 

3-5 

24 

14 

4 

2-3 

8 

November 

21-8 

30-2 

55 

34 

3-8 

47 

19 

I 

2-8 

14 

December 

24-9 

3I-I 

54 

37 

3-9 

32 

8 

I 

2-8 

18 

Year  .     . 

16-9 

254 

63 

41 

3-5 

270 

14 

4 

1-9 

23 

Extra-tropical  East  and  South-East  Australia  have  rain  at  all  seasons 
of  the  year,  but  ivith  a  relatively  dry  zvintcr  (in  particular  August) ;  the 
maxima  are  during  late  summer  on  the  coast,  during  spring  and  autumn  in 
the  interior.  The  rainfall,  except  on  mountain-slopes,  is  too  small  for  rain- 
forest. The  absence  of  dry  periods  during  the  spring  months  whose 
favourable  conditions  of  temperature  give  the  climate  the  impress  of  a  good 
grassland-climate,  and  the  mildness  of  winter,  in  spite  of  its  relative  dry- 
ness, renders  growth  of  trees  possible.  Consequently  the  type  of  vegetation 
is  that  of  savannah,  and  along  the  coast,  in  accordance  with  the  increased 
precipitation,  it  passes  into  savannah-forest  ;  in  the  interior,  however,  with 
a  decrease  in  precipitation,  it  passes  into  steppe,  which  in  its  turn,  as  the 
drought  increases,  is  replaced  by  desert. 
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Warm  Temperate  Grassland  Climate. 

EXTRA-TRC>1'IC.\L   KAST    AND    ,S(  )i;il  1-KA.S  r    AU.STRAl.l.V. 
(After  Hann,  Handbuch,  III.  p.  382.) 


Meters 

above 

Sea-level. 

Mean  Temperature. 

Annual 
Rainfall. 
Amount 

in  cm. 

Jan. 

April. 

July. 

October. 

Year. 

N.  S.  Wales,  Coast: 
Lismore,  28°  50'  S.,  153"  21'  E.  . 
Sydney,  33°  SI'S.,  151"  I  I'E.    . 

15 
45 

25.4 
21-4 

20-9 
17-6 

I4-I 
109 

21-9 
1 6-9 

20-4 

i6-6 

•57 
128 

N.  S.  Wales,  Interior  : 
Narrabri,  30°  20'  S.,  149"  46'  E. . 
Dubbo,  32°  18'  S.,  I48°35'E.    . 
Ueniliquin,  35°  32'  S.,  145"  2'  E. 

230 
260 

95 

286 
25-0 
24-0 

19-8 
17-2 

16-3 

9-8 

8-2 

7-8 

208 
i6-8 
157 

19-8 
i6.8 
15-9 

70 
59 
44 

Victoria,  Coast  : 
GaboIsland,37°35'S.,i49°3o'E. 
Portland ',  38°  21'  S.,  141°  32'  E. 

15 
10 

l8-i 

17-2 

i6-o 
14-6 

10-4 

lO-O 

13-4 
14-3 

14-4 
I4-I 

96 
82 

Victoria,  Interior  : 
Sandhurst,  36°  47'  S.,  144"  17'  E. 
Echuca,  36°  S'  S.,  144°  5°'  E.     . 

230 
100 

22-3 

23-8 

IS-2 

•57 

77 
87 

14-2 

iS-o 

14-9 
iS-8 

57 
47 

'  Uncertain. 
RAINFALL   IN    PERCENTAGES. 
N.  S.  WALES. 
(After  Hann,  Handbuch,  III,  p.  389.) 


VICTORIA. 


Station. 

Coast. 

Mountains. 

Inland. 

Inland. 

Coast. 

South  Lat. 

30-3 

351 

34-5 

31-3 

31(5 

34-4 

36-9 

38-5 

East  Long. 

152-5 

150.6 

H9-5 

148.3 

144.2. 

144-6 

145.1, 

145.0 

January     . 

10.3 

7-9 

8-4 

9.4 

9.9 

7-3 

5-9 

5-6 

February    . 

12-8 

IO-6 

9-5 

1 1-3 

lo-o 

6-3 

6.4 

5-4 

March  .     . 

12-4 

10-2 

8-1 

lO-S 

12.7 

90 

7-3 

61 

April     .     . 

9-6 

117 

7'2 

8-2 

10-3 

9-1 

87 

8-1 

May.     .    . 

7-8 

9.9 

8-1 

9.0 

9-2 

104 

9-3 

10.7 

June .     .     . 

7-5 

I0.2 

9-6 

8-1 

8.5 

10-5 

96 

10-9 

July.     .     . 

6-9 

77 

7-4 

59 

5-6 

7-2 

7-9 

9.9 

August .     . 

5-4 

5-1 

70 

6-6 

5.6 

8-5 

8-6 

9-8 

September 

5-8 

67 

8-8 

7-6 

7-8 

8.9 

9-S 

9.9 

October     . 

60 

7-2 

9.0 

7-5 

8-9 

9-3 

10-9 

9-3 

November 

6-8 

7-0 

9-1 

7-9 

7-4 

80 

8-5 

7-8 

December 

87 

5-8 

7-8 

80 

5-1 

5-5 

42 

7-4 

6-5 

Year.   cm. 

127 

III 

90 

61 

35 

58 

85 

4<54 
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6.  WARM   TEMPERATE   DISTRICTS   WITH   A   MOIST 

WINTER. 

Several  climatic  districts  of  the  north  and  south  warm  temperate  belts 
possess  a  climate  similar  to  that  of  South- West  Africa  ;  an  absolutely  similar 
oecological  t)'pe  of  vegetation  corresponds  to  this  climate.  Woodland  is 
characteristic  of  it. 

South-  IVcsl  and  South  Australia  are  included  in  these  districts. 


Warm  Temperate  Sclerophyllous  Woodland  Climate. 

SOUTH-WEST    AUSTRALI.\-PERTH. 

31°  57-4'  S.,  115°  52°  E.,  14-3  meters  above  sea-level. 

(From  Zeitschr.  d.  osterr.  Gesellsch.  f.  Meteorol.,  1SS2,  p.  285.) 


iSSo. 

Temperature. 

Relative 

Humidity. 

Rainfall. 

Mean 
Cloudi- 
ness. 

Mean 
Max. 

Mean 
Min. 

Amount 
in  mm. 

Days. 

January     . 

36-1 

1 8-9 

64 

7 

5 

3-9 

February  . 

32-8 

17-2 

67 

18 

4 

6-3 

March  .     . 

267 

iS-o 

73 

29 

6 

4-7 

April      .     . 

25-0 

12-2 

68 

84 

12 

5-5 

May .    .     . 

21-1 

9.4 

82 

85 

13 

4-2 

June .     .     . 

18-3 

67 

80 

182 

16 

3-4 

July.    .    . 

18-3 

67 

74 

95 

10 

3-2 

August  .     . 

1 8-9 

8-3 

75 

159 

17 

6-1 

September 

22-2 

9.4 

66 

65 

14 

4-2 

October     . 

22-2 

8.9 

71 

26 

9 

4-0 

November 

267 

12-8 

64 

54 

7 

3-4 

December 

30-0 

13-9 

69 

2 

3 

2-3 

Year    .     . 

24-8 

1 1-6 

71 

806 

116 

4-3 

According  to  five  years'  (1876-1880)  observations  at  Perth  the  mean  annual  rainfall  is 
822  mm. 

At  ten  stations  in  1S79:  Fremantle  655,  Albany  770,  Vasse  604,  Bunbury  7S5,  Geraldton 
472,  Guilford  891,  Newcastle  312,  Northam  211,  York  317,  Sinjarrah  754  mm. 

There  is  considerable  climatic  and  phyto-oecological  analogy  between 
the  South-West  African  districts  described  above  and  Central  Chili.  The 
Karroo  desert  corresponds  to  the  desert  of  Atacama.  South  of  the  latter, 
precipitations  become  heavier  and  continue  to  increase  steadily  with  the 
distance  from  the  tropic  of  Capricorn.  Santiago  has  33  cm.,  Talca,  somewhat 
further  south,  53  cm.     The  rain  falls  chiefly  in  winter,  summer  is  rainless. 


I' 
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Warm  Temperate  Sclerophyllotis  Woodland  Climate. 

CENTR.\L   CllILl     .S.\.NTIA(;0. 

33°  27'  S.,  70°  41'  W.,  519  meters  above  sea-level. 

(From  Zeitschr.  d.  osterr.  Gescllsch.  f.  Meteorol.,  1885,  p.  367.) 


I873-I8SI. 

Temperature. 

kel.  Humidity. 

Rainfall. 

Bright 
Days. 

Mean 
Max. 

Mean 
Min. 

Mean. 

Mean 
Min. 

Amount 
in  mm. 

Days. 

December 

297 

8-8 

67 

34 

5 

0.9 

21-2 

January     . 

30-4 

10-4 

69 

39 

I 

10 

23-3 

February  . 

29.4 

9-1 

72 

41 

3 

0-9 

2I-0 

March  .     . 

28-0 

6-8 

75 

38 

5 

I-I 

20-4 

April     .     . 

25-3 

3-3 

80 

42 

24 

3-2 

•5-1 

May.     .     . 

21-8 

i-i 

83 

41 

47 

5-7 

i'-3 

June      .     . 

18-3 

-0.6 

87 

45 

77 

6-1 

8-5 

July.     .     . 

1 8-4 

-0-8 

87 

49 

81 

8-6 

9-3 

August .     . 

20-3 

-0.7 

85 

5° 

37 

6-1 

10-6 

September 

22-5 

2-0 

84 

40 

38 

6-3 

11-6 

October     . 

24-8 

4-2 

79 

42 

14 

3-7 

12-2 

November 

2S.3 

6-7 

73 

38 

6 

1-3 

177 

Year    .     . 

30-8 

-1-7. 

78 

28 

327 

44.9 

182-2 

and  besides  73-1  half-bright  days. 

The  most  extensive  district  with  winter  rain,  that  of  the  Mcditcrraiican 
countries,  occurs  in  the  northern  hemisphere.  It  is  true  that  in  its  northern 
parts  late  autumn  and  early  spring  are  for  the  most  part  humid,  but  this  is  de- 
void of  oecological  significance  on  account  of  the  low  temperature  at  the  time. 

The  rainfall  is  very  unequal.  It  lies  mostly  between  60  and  90  cm.,  but  still, 
here  and  there,  it  rises  above  100  cm.,  whilst  in  the  eastern  part  of  the  African 
littoral  district  it  sinks  so  low  that  deserts  extend  down  to  the  seashore. 

The  vcgctalion  again  consists  of  sclerophyllons  ivoodland. 

Warm  Temperate  Sclerophyllous  Woodland  Climate. 

MEDITERRANEAN   DISTRICT. 
V  NIKOSIA,  IN   THE  INTERIOR  OF  CYPRUS. 
35°  11'  N.,  33°  22'  E.,  150  meters  above  sea-level. 
(From  Meteorol.  Zeitschr.,  1SS9,  p.  43I-) 


Temperature. 

Relative 

Cloudi- 
ness. 

Rainfall. 

Mean. 

Mean 
Max. 

Mean 
Min. 

Humidity. 

Amount 
in  mm. 

Days. 

January 

IC-O 

23-0 

0-2 

84 

4-6 

lOI 

1 1-8 

February   . 

9-8 

2I-S 

-o-I 

84 

5-1 

94 

II-8 

March  .     . 

12-8 

4-7 

2-4 

81 

4-0 

31 

7-4 

Hh 


466 
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Temperature. 

Relative 
Humidity. 

Cloudi- 
ness. 

Rainfall.         1 

Mean. 

Mean 
Max. 

Mean 
Min. 

Amount 
in  mm. 

Days. 

April     .     . 

16.7 

29-2 

3-8 

78 

3-7 

29 

4-5 

May .     .     . 

20-9 

32-4 

7-9 

74 

2-S 

16 

4-3 

June .     .    . 

25-0 

37-8 

1 1-3 

67 

i-i 

10 

1-4 

July.     .     . 

26-8 

38-3 

I3-I 

68 

0-8 

3 

0-3 

August  .    . 

27-8 

39-4 

14-0 

66 

07     1       2 

0.5 

September 

26-0 

38-1 

12.3 

73 

I-O 

I 

0-6 

October     . 

22-0 

34-2 

8.7 

76 

1-9 

9 

2-3 

November 

1 6-2 

29-0 

4-1 

82 

3-4 

5° 

6.5 

December. 

12-3 

25-3 

i-i 

8S 

37 

59 

7-8 

Year    .     . 

1 8-9 

406       -  0-4 

76 

2-7 

405 

59-2 

ATHEX.S. 

37°  58'  N.,  23°  44'  E.,  1027  meters  above  sea-level. 
(From  Zeitschr.  d.  osterr.  Gesellsch.  f.  Meteorol.,  18S4,  p.  4S1.) 


1859-1882. 

Temperature. 

Mean 
Rainfall 
in  mm. 

Rainy 
Days '. 

Cloudy 
Days. 

Mean. 

Mean 
Max. 

Mean 
Min. 

December . 

9.87 

12-81 

7-66 

69.4 

IO-9 

5-3 

January 

8-20 

10-87 

3-97 

52-6 

9-8 

5-0 

February   . 

8-89 

12-63 

5-09 

37-9 

8-0 

4-0 

March  .     . 

11-33 

14.19 

6-64 

36-7 

8-2 

4-3 

April     .     . 

15-04 

17-80 

10-69 

I9-I 

6-3 

1-9 

May .     .    . 

19.95 

22-24 

17-53 

245 

5-1 

I-O 

June .     .    . 

24.45 

26-65 

22-75 

10-8 

2-3 

0-5 

July.     .     . 

27-00 

28-19 

25-36 

7-4 

1-6 

O-I 

August  .     . 

26-75 

2891 

25-68 

10-7 

1-9 

O-I 

September 

23.42 

25-67 

20-49 

15-4 

2-6 

0-4 

October     . 

18-75 

20-74 

16-63 

53-1 

7-1 

2-1 

November . 

14-02 

12-67 

8-74 

70-4 

8.9 

3-8 

Year    .     . 

17-30 

l8-l6 

16-41 

408-0 

72-8 

28-5 

^Vith  measurable  precipitation. 
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ROME. 
41°  54'  N.,  12°  28'  V..,  31  niclers  above  sea-level. 


(From 

VIeteorol 

.  Zeitschr 

,  1SS6,  p.  409.) 

Temperature. 

Kaiiifall. 

Cloudi- 
ness. 

Relative 
Humidity. 

Wind 
Velocity. 

Mean. 

Mean 
Min. 

Mean 
Max. 

Amounl 
in  mm. 

Days. 

December . 

7-4 

-1-3 

l6-o 

82 

II-S 

S-2 

75 

Z04 
200 

January     . 

6.7 

-1-8 

15-3 

74 

11-8 

5-0 

74 

February  . 

8-1 

-o-S 

16.7 

60 

lO-S 

4.9 

73 

180 

March  .     . 

10.3 

1-3 

19-0 

64 

II-S 

S-5 

68 

226 

April      .     . 

13-9 

47 

23-1 

60 

IO-6 

4-6 

65 

189 

May.     .    . 

17-9 

8-5 

28-5 

55 

97 

4-3 

61 

"  1 
"•5 

June.     .     . 

21-9 

12-8 

31-3 

38 

7-5 

3-5 

61 

197 

July.     .     . 

24-6 

15-2 

34-0 

17 

3-6 

1-8 

S6 

210 

August  .     . 

24-5 

14-9 

34-z 

29 

S-o 

2-1 

58 

199 

September 

21-3 

1 1-8 

30-6 

70 

8-6 

3-4 

64         irr    { 

October     . 

1 6-6 

6-6 

26-0 

106 

ii-i 

4-6          :i 

181 

November 

IO-9 

1-2 

20-0 

114 

12-8 

5-4 

74 

201 

Year    .     .  |    15-3 

-3-2 

35-0 

769 

114-2 

4-2 

67 

197 

MALAGA. 

36°  43'  N.,  4°  27'  W.,  23  meters  above  sea-level. 
(From  Meteorol.  Zeitschr.,  1890,  p.  198.) 


IS78-ISS5. 

Temperature. 

Relative 
Humidity. 

Rainfall. 

Windy 
Days. 

Bright 
Days. 

Mean 
Max. 

Mean 
Min. 

Amount 
in  mm. 

Days. 

January 

21-2 

3-5 

70 

76 

4.9 

17 

12-8 

February   . 

23-2 

57 

69 

SO 

4-5 

2-2 

110 

March   .     . 

24-6 

6.4 

68 

84 

7-1 

2-2 

IO-9 

April      .     . 

27-8 

8-6 

61 

68 

7-1 

2-3 

9-6 

May .     .     . 

3I-I 

II-O 

61 

28 

4-3 

1-2         1      l6-3 

June .     .     . 

35-2 

15-3 

60 

13               Ig              0-8 

22-2 

July.     .     . 

38-0 

18-3 

62 

3 

0.8 

0-3 

20-5 

August  .     . 

387 

i8-i 

62 

5 

0-8 

o-o 

23-8 

September 

34-8 

15-0 

62 

27 

1-8 

1-8 

20-0 

October      . 

29-0 

IO-2 

65 

64 

4-6 

3-8 

13-8 

November 

25-5 

6-6 

68 

87        ,     4-6              2-2 

14-0 

December.       21 -6 

4-0 

70 

1 02 

5.8 

2-3 

1 40 

Year    .     .  j    40-0 

2-2      i          65 

607 

48-2 

20-8 

193-9 

H  h  2 
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LISBON. 

38°  43-2'  N.,  9°  8-3'  W.,  I02-3  meters  above  sea-level. 

(From  Zeitschr.  d.  osterr.  Gesellsch.  f.  Meteorol.,  1878,  p.  127.) 


IS56-IS75. 

Mean 
Temperature. 

Relative 
Humidity. 

Cloudi- 

Evapora- 
tion 
in  mm. 

Rainfall.           | 

ness 
(0-10). 

Amount 
in  mm. 

Days. 

December . 

IO-2 

79 

5.0 

57 

91 

12-6 

January     . 

10.3 

81 

5-7 

55 

98 

15.4 

February   . 

10-9 

76 

5.0 

69 

94 

12-5 

March  .     . 

13-4 

70 

4-7 

118 

88 

12-0 

April      .     . 

14-6 

70 

5-0 

141 

48 

9-7 

May  .     .    . 

1 6-6 

69 

4-6 

172 

56 

lO-O 

June .     .     . 

I9-S 

64 

3-3 

244 

14 

4-7 

July.     .     . 

21-2 

62 

2'0 

263 

3 

1-8 

August  .    . 

21-7 

61 

1.9 

270 

9 

2-0 

September 

19-9 

67 

3-6 

189 

34 

7-2 

October     . 

1 6-9 

73 

4-8 

121 

87 

II-O 

November 

13-5 

78 

5-4 

74 

109 

13-0 

Year    .    . 

15.6 

70-9 

4-2 

1774 

731             II2-0 

TANGIER. 

35°  42'  N.,  5°  55'  W. 
(From  Meteorol.  Zeitschr.,  1887,  p.  27.) 


ISS0-I885. 

Temperature. 

Days. 

Rainfall. 

Storms. 
Mean. 

Amount 
in  mm. 

Days. 

7  a.m. 

12  noon. 

9  p.m. 

Bright. 

Dull. 

December . 

1 1-2 

14-5 

12-3 

II 

II 

no 

lO-o 

3 

January 

1 1-6 

15-2 

12-6 

9 

13 

118 

II-7 

6 

February   . 

12-5 

i6-i 

13-2 

9 

10 

90 

I2-0 

4 

March  .     . 

13-5 

I7-0 

13-9 

10 

II 

128 

IS-2 

6 

April     .     . 

I5-0 

i8-i 

iS-i 

9 

9 

119 

13-2 

4 

May .     .     . 

17-9 

2I-I 

17-6 

14 

7 

63 

8-2 

5 

June      .     . 

2I.0 

24-0 

20-2 

17 

3 

7 

2-5 

3 

July.     .     . 

23-0 

26.3 

22-7 

21 

4 

3 

1-7 

4 

August  .     . 

23-1 

27.2 

23-4 

21 

4 

9 

0-8 

4 

September 

20-4 

24.4 

210 

18 

3 

'"  10 

2-2 

3 

October     . 

17-3 

2I-0 

i8-i 

12 

9 

85 

9-3 

3 

November 

14-3 

l8-2 

iS-4 

II 

9 

73 

7'S 

2 

Year     .     . 

16.7 

202 

17-1 

162 

93 

815 

24-3 
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The  north  tcmpcralc  zone  possesses,  along  the  coast  of  California,  another 
district  7vith  z.'iiitcr  rain  and  a  dry  summer,  to  which  also  corresponds 
a  xcropliilous  vci^ctation  of  sclcrophyllous  zvoods. 

The  annual  rainfall  at  San  Francisco  is  ^^  cin.,  at  Monterey  40  cm. ;  the 
percentage  distribution  over  the  months,  according  to  Woeikoff,  for  the 
whole  of  California  is: 

DISTRIBUTION  OF  RAINFALL  THROUGHOUT  THE  MONTHS  OF 

THE  YEAR  IN  PERCENTAGE  IN  CALIFORNIA. 

(After  Woeikoff,  Die  Klimate  der  Krde,  I,  p.  389.) 

Jan.     Feb.     Mar.     Apr.     May    June    July     Aug.     Sept.     Oct.     Nov.     Dec. 

20        14        16  S  4         0-3       o-i        o-i        0-5         2  II         24 

Full  meteorological  tables  such  as  those  given  above  do  not  appear  to 
exist  for  California.  The  mean  winter  temperature  at  San  Francisco  is 
]0-5°  C,  that  of  the  summer  14-8    C. 

7.  CONCLUSION. 

The  three  forms  of  rain-climate  of  the  warm  temperate  belts  distin- 
guished in  this  chapter  can  be  reduced  to  two  types  as  regards  the  conditions 
of  existence  of  the  vegetation. 

The  first  type  meteorologically  considered  is  indeed  compo.sed  of  very 
heterogeneous  elements,  as  it  includes  districts  with  nearly  uniform  humidity, 
together  with  others  possessing  rain  chiefly  in  winter  and  early  summer, 
but  with  dry  late  summers,  and  others  again  with  dry  winters  and  wet 
summers.  The  character  common  to  all  these  is  that  high  temperatures 
favourable  to  vegetation  coincide  with  abundant  precipitations  even  if  only 
during  the  earh'  smrimcr.  Tlic  climate  during  tlie  hot  mo>iths  therefore 
resembles  a  tropical  climate  and  impresses  a  quasi-tropical  character  upon  the 
vegetation.  Here  we  find  types  of  vegetation  quite  similar  to  tho.sc  of  the 
tropics  and  associated  with  similar  conditions  as  regards  atmospheric  pre- 
cipitations. Ver\'  abundant  precipitations  cause  the  production  of  temperate 
rainforest ;  rainfttll  less  considerable  but  occurring  dtn-ing  the  vegetative 
season,  particularly  in  the  form  of  frequent  rain  in  early  summer,  brings  forth 
grassland,  and,  owing  to  the  mild  winter  temperature,  makes  it  assume  the 
tropical  form  of  savannah,  which  with  increasing  rainfall  then  passes  over 
into  savannah-forest.  Irregular  precipitations  during  the  period  of  vegeta- 
tion interrupted  by  dr}'  seasons,  exclude  grassland  and  cause  the  occurrence 
of  the  most  accommodating  of  all  woodland  types,  thorn-zcoodland,  as  forest, 
bush,  or  scrub.     Still  greater  droitght  brings  forth  desert. 

In  districts  belonging  to  the  second  type,  the  rainy  season  coincides 
with  cool  winter  temperatures.  The  latter  are  below  the  optimum  for  a 
number  of  vegetative  processes,  including  growth,  and  in  some  of  the  dis- 
tricts concerned  occasionally  below  the  minimum.   The  summer  is  very  dry. 
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Suc/i  climatic  conditions  are  confined  to  these  climatic  districts  belonging  to 
the  ivarm  temperate  belts,  and  accordingly  the  oecological  character  of  their 
vegetation,  particularly  the  prevalence  of  evergreen  xcropliilous  zvoodland,  is 
ivithoiit  analogy  in  the  tropical  zones,  or  in  the  belts  with  a  cold  winter  in  the 
temperate  zones. 
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